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NOTICE. 



The solutions of the examples numbered 7 to 12 in 
pages 5 and 6 of the Fourth Edition of the Manual will 
be found at pages 6 and 7 of this New Edition of the 
" Key," numbered 1 to 6 respectively. 

The new examples introduced into the Fourth Edi- 
tion of the Manual are — 

Pages. Examplea. 

5, 6 I to 6 

16 J. to 12 

70 to 88 . . . ... All examples in these pages. 

The solutions of these new examples will be found 
at the end of this New Edition of the " Key," beginning 
at p. 72. . 
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Pagt 6. 
(i.) By equation (3) 

N'f = 206265'' X- = 206265 X — 

= 2062.6 J X 9 1= 1 8563.85" 
= 5® 9^ 23".85. Ana. 

(2.) 3' 28" = 208'' = N'' 

by equation (3) 

2P' = 206265^' ^ - 

20626J X a 206265 X 6 
•'•''"^ i^" ^ 208 

^i237|90 ^ 594.9.^5,5^ ft. == 1983.3173 yds. 
208 

= I mile 223*3175 jrdB. AnM. 

(3.) « = 79^^ miles, r = 237638 miles 
.-. by equation (3) 

^'= 206265" X- 

7926 . 1634856390 
= ^06265- x.j^^g^ = -^^^g^ 

= 6879''.6o8 * i"* 54' 39".6oB. Ans. 

(4.) 3^' 7"= i867"=i^', r= 237638 miles; 
by equation (3) 

N'' = 206265" X - 

Nxr 1867x237638 
•'• ^^206265^ 206265 

_44feH6 ^2150.97 miles. ^^ 
" 206265 -^ ^' 
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(5.) IP'^1 7".2, a = 7926 milea ; 

by equation (3) 

ir"= 206265'' x^ 

206265 X a 206265 X 7926 
Jf i7.« 

1634856390 16348563900 

SS ■^^^^^^-^■^— ^— ^"^ S3 ^— ^— ^- » ■ » «-T<wiTT^T^ 
17.2 172 

= 95049790.1 miles. An9. 

(6) 3*' 3"- 1923" = -^"1 

r = 95049790 miles (by the answer to the last example). 
By equation (3) 

i\7''w 206265" x~, 

... a= ^^^ ^ i9g3x95C»4979Q 
206265 206265 

= ^7 Q74 ^7° c886i4C.2 miles. Ana. 
206265 ^ 



Pa^« 9. 
(3.) By equation (6) 



cos^ = 



sec A 
and by equation (2) 

sec-4e -y^(i + tanM), 

.-. cos ii = -77 — r-rr. Am, 

V(i+tanM) 
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(4.) By equation (8) 

cosec ul = -r 



sin A 
and bj example (i) 

siaA= ^(i -cos* ud), 

.% coseo A = —7- r-TT-- Ana. 

V(i -cos' -4) 

(5.) By example (i) 

sin ^ = ^(i - cos* A) 
and by equation (6) 

C08^ = 



sec^ 
I sec* A-i 



and 



.-. I -cos* -4 = 1-- . - 

sec' A sec' 4 

y sec* A. "^ i 

.". sin J. = 4/ (i - cos* -4) = ^ / T-2 — 

'^ V^ sec*il 

4/(sec*-4-i) . 
sec 4. 



Page 14. 

(3.) sin 30® =.50000, arid 

cos 30'* = .86602 (by page 13) 

o sin 30® coooo . . 

^ cos 3a° 86602 ^''^^ 

(6.) Let 2; = greater part of i cut in extreme and 
mean ratio, then i - a? = less part, but product of whole 
and less part = square of greater part (Euclid, Book vi. 

P- 30), 

.% ix(i-a:)=aj'orjc* + a;=i 
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/. or^ + a; + - = - 
4 4 

and .'. a;+ - = -^ and a? = — 

2 2 2 

(7.) COS i8^= -/(I - sin^ 18*^)= -/ 1 I - f ^^^' V } 
by last example 

^(10 + 2^5)^/(10+4.47213595) 

4 4 

3.80422 . 

= ^^ — ^^^ — = .95105. Ans, 

(8) sini8o=5^1ziandcosi8^ = ^?±li^ 

4 4 



.-. tan 1 8° = 



Q sin 18° V S~^ 



cos 18** v'('o+2 V^S) 
1.236067977 . 



Page 15. 

(9) sin 72® = cos 1 8® = .95 105 

by example (7) ; 

cos 72°= sin 1 8® = .3090 1 

by example (6), 

.-. tan 72® = ^^ — ^ = 3.07773. Ans. 
' 30901 ^ "''^ 
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or, by example (8) 

Un76«>=coti8«' = ^^g-5- 

I.OOOOO ,« . 

a = 3.07768. AfU. 

.32492 



(2.) d= v^(<iHS*)fc: v^(l4i.o47H 3J0*) 

= 1/(19995-939649+ 12*500) 

= i/(i4M95'939^49)- 377486 

. a 141.407 282.814 

tan -4 = - = ^ - = -1- 

b 350 700 

(obtained by multiplying numerator and denominator 
by 2) 

«.404oitetan 22^, 

by Table I. at end of Manual, 

.-. A = 22° and ^=£96^- «2° = 68° 

(3.) c= V(«' + *')= -/(I27.382 + 250') 

= ^(^6225.6644+ 62500) = ^(78725.6644) = 280.58 

6 250 1000 

(by multiplying nUmeratOt and denominator by 4) 
= .50952 = tan 27® (by Table 1.) 
.•. 24=27° and -B«90°-27<^ = 63<^. 
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Page 18. 

(I.) 5=* V(c'-A'*) - \/(i5*- 5-1303') 

= V(2*5~ 26.31997809)= ^'(198,68002191) 

= 14-09539 - 

A a ^1303 10.2606 
c 15 30 

= '34202 «» sin 20® (by Table I^ 

.-. il*=2o*'and^«90®- 20°«70*'. 

(2.) ft = -/(c«- a^) ^ V(2So' - 128.76') 
= -1^(62500- 16579.1376)= -/ (45920.8624) = 21429 

. . a 128.76 CIC.04 

8ia-4=-= L_ = rl_J — J 

c 250 1000 
= .51504 1= sin 31° (by Table II.) 

.% ul«=3i^and J?=90^-3i*' = 59^ 

(3.) ft= y/ic'-a') = V(i75'- 141-57675') 
= \/(3o625- 20043.9761405625) 
= 1/(10581.0238594375)= 102.86413 

sin 4:^2. ^4^57675^566^07 
c 175 700 

= .80901 =sin 54^ (by Table II.) 
.-. A = 54<* and JB ^90°- 54** « 36^. 
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Page 19, Case III. 

(i.) J5 = 90^-^1 = 90^-23° = 67° 

h = a cot ^ = 172 cot 23** 
= 172 X 2.35585 (by Table III.) = 405.2062 
a 172 172 

8in-4j sin 23® '39073 
(by Table I.) =440.2016 

(2.) ii = 9o^--B = 9o**-6o<^ = 30^ 

6 = aeotii= 315 cot 30^ = 315 x 1.73205 
(by Table III.) = 545-59575 

a 315 r 

c = -, — 7=-^-^- =630 
sin A .50000 

(3.) ^ = 90«-^ = 9o<>-.57<>=33° 

ft = acotul=2ioocot 33° = 2 100 X 1.53986 
(by Table II.) = 3233.706 

a 2100 2100 



Pajr« 19, Ca«e IV. 
(I.) J5 = 90»-^ = 90°-3s°=ss° 

a = c sin -4 = 240 sin 35° 
= 240 X. 57357 (by Table II.) = 137.6568 

ft = c cos J. = 240 cos 35° 
= 240 X .81915 (by Table II.) = 196.596 



MANUAL OF PLANE TRIGONOMETRY. 11 

(2.) ^=9o°-J? = 9o°-44^=46^ 

a = c sin -4 = 575 sin 46*^ 
= 575 X .71934 (by Table II.) =413.6205 

h = c cos A = 575 cos 46° 
- S7S ^ .69466 (by Table 11.) = 399.4295 

(3.) 5 = 90°-^ =90^-29^ = 61^ 

a = c sin -4 = 7 sin 29°= 7 x .48481 = 3.39367 

b = c cos -4 = 7 cos 29° = 7 X .87462 
(by Table III.) = 6. 1 22 34 



Page 2 1 . 

(2.) c=-/(a' + 62)= \/(9+i6) = V25 = 5 

log tan A = 10+ log a - log b (see page 20, Manual) 

.'. log tan A = 9.8750613 
log tan 36° 52' = 9.8750102 



5ii = diff. 
Tab, diiF. =2632 

.'.- — 7 = 1 1'' (by Rule xii. Appendix) 

.-. A = 36° 52' 1 1'' and ^ = 90°-^ 
= 90^-36^52' ii''= 53° 7' 49''. 

N, B. — In this example I have used Chambers' Ma- 
thematical Tables ; I shall also employ them in the sub- 
sequent examples whenever the necessary Tables are not 
found in the Manual. 
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(3.) a « I mile = 1 760 yds. 

ft =* 3 fur. 7 per. = 698.5 yds. 
log tan id = lo + loga-logft 

io + loga= lo+log 1760= 13.2455127 1, 

log 6 = log 698.5= 2.8441664/^''^*'*^* 

.*. log tan A = 10.4013463 
log tan 68° 21' = 10.4012775 



688 = diff. 

Tab. diff. = 3683 .-. (by Rule xii. App.) ^?^— = 1 1 '' 

.-. ^ = 68«»2i' 1 1'' and J?= 90° -68° 2 I'll'' 

= 21° 38' 49'' 

log c= lo + log a - log sin A « 

lo + log 1760-log sin68°2i'ii'' 

io+loga= lo + log 1760= 13.2^55127 1 g^v,-.^x 
log sin 68° 2 1 ' = 9.96822 83 / s^^^^a<5^ 



3.27728441 subtract 

KbyRi' 



Tab. diff. = 502 .*. fr „ — = 92 J 



.•. logc=5 3.2772752 
log 18935= .2772653 (omitting the 
— ^-~.^. characteristic) 
99 = diff. 

Tab. diff. = 230 .•. (by Rule vi. App.) 

go 
^-.43.-. 0=1893.543 yds. 

The number of the digits of the integral part being 
faur^ since the characteristic is the numeral three* 



MANUAL OF PLAVB TBI€ONOMETRY. 13 

(4.) a = 144.5 ^«e*» ^ = f niil« = 1 320 feet, 
log tan ji= lo + iog a-log I 

10 ^ log «== 10 + log 144.5 = 12.1598678 1 3^btract 
log 6 = log 1320= 3.1205739 p^i^^raci; 

.'. log tan A = 9.0392939 
log tan 6^ 14'= 9.0383159 

9780= diff. 

Tab.diff.-ii€B9 .•.(byRulexn.App.)2Z?ll^'.^o" 

.•,ul=6'i4'jo^aiid 

J5=90°-6°i4'5o" = 83°45' 10", 

log c= 10 + log a -log ski A 

= I'D 4 log tr- log sin 6® 14' 50'' 

«o + loga = 32.ico8678 1 , , 
logtdn60i4'= 9.0357407/'^^*^* 

3.12412711 
Tab. aar. =11551 i subtract 



60'' 



.%lQg<J= 3. 123 1645 
iog 13279 = -1231654 

(The characteristic being omitted, as in similar cases) 
.•.<?-= 1327.9 feet, r^y nearly. 
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(5.) log tanil=io + loga-log6 

,o + loga= 10+ 1341 = 13.1274288 1 g^ij^r^^^ 
log5 = logi432= 3-1559430/ 

.% log tan A = 9.9714858 
log tan 43° 7'= 9.9714286 

572=diff. 
Tab. diflf. = 2532 

. 572 X 60'' 
/. (by Rule xn. App.) ^-^^^ 1 3" 

.-. ^ = 43° 7' 1 3'' and ^ = 90° - 43° f 1 3'' = 46'' S^' 47'' 
Iogc = io+loga-logsin-4 = io+loga-log8in43®7'i3 

io + loga= 13.1274288 I 
log sin 43^ f = 9-8347297/ 

Tab. diff. « 1349 3-2926991 ] 

1 349 X 1 3" __ > subtract 

.% logc= 3.2926699 
log 19618=: .2926547 

152= diff. 

Tab. diff. = 222 .-. —=.7 

222 ' 

.•. 0=1961.87 
(6.) log tan ^ = 10 + log a - log h 

io + loga= lo + log 1760 = 13.2455^27 Ig^^tract 
log 6 = log 1 000 = 3 .0000000 J 

.•. log tan -4 = 10.2455127 
log tan 60® 23' = 10.2452971 

2 1 56 = diff. 
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Tab. diff. = 294.0 .'. — ^ . = ±4/' 

^^ 2940 ^ 

(by Eule xn. App.) 

/. A = 60® 23' 44'' and 5 = 90® - 60° 23' 44'' 

= 29^36' 16'' 

c = |/(a« + 62)= y/{i'j6o^+ looo^) 

= 1/(3097^00+ loooooo) = ^(4097600) = 2024.25 



Pa^« 22. 
(2.) log sin -4 = 10 + log a - log c 

lo + log a= 10 + log 512 = 12.7092700 1 g„i^._... 
log c = log 1007 = 3.0030295 /^"D^ract 

.'. log sin A = 9.7062405 
log sin 30° 33'= 9.7061 1 16 

1289 = diff. 

m , j./j? 1289x60'' 

Tab. dm. »= 2 140 .•. ^ = 26'' 

2140 ^ 

.-. A = 30^ 33' 36'' and B = go^^ 30** 33' 36'' 

= 59^ 26' 24'' 

(3.) log sin ul = 10 + log a - log c 

io + loga=io + log32.7i2 = ii.5i4707i 1 , ^ ^ 
logc = log96.2= i.983i75i/«^^tract 

.'. log sin A = 9.53 15320 
log sin 19^52'= 9.5312649 

2671== diff. 



16 4. KEY TO TflS 

Tabt diff. = 3494 

267 x X 60" 
/. — ^ =46'' 

3494 
A il a 19® 52' 46^^ and 

-B = 9o°-i^**52'46'^=7o®7' 14". 
(4*) log sia 4 =5: 10 +loga - log u 

.*. log 0m A «= 9.8940054 
log sin 51° 34'= 9.8939458 



596 ^ diff. 

Tab. diff. = 1002 .\ ^^^ ""^^ = 35'' 

1002 ^-^ 

.•.il« 51° 34'3y"ai>di5=.90^-Si° 34^3^''= 38^25' 25'' 

2 log 5 =log (c + a) + log (c - a) 

c^i57 
a=s=J23 



.•- c + a^ 280 and log 280 -«= ^^,4471580 
<;-a = 34andlog 34=1.5414789 

2)3-9786369 

.-.log 6= 1.9893 1 84 
log 97570 «= .98931^3 



21 =diff. 



Tab. diff.« 45 .-. ~ «= 47 

45 

.•.5 = 97.57047 
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Page 2^, Case 11. 

(5.) log sin -4 s= 10 + log a - log c 

io4-loga*=io + log 576= 12.760422c 1 ^ 

log c « log 880 = 2.9444827 / subtract 

log sin -4= 9.8159398 
logsin4o°53'= 9.8159235 

i63=difr. 
Tab. diff.= 1459 ...i^^J^'=y/ 

.•.-4 = 40° 53' 7'/ and 
^ = 90° - 40° 53' Y' =^ 49"^ 6' 53''. 

(6.) log sin -4 = 10 +log a - log c 

io + loga=io + log 21.7= ii.3364cg7l ^ 

log c = log 54.31= 1.7348798 /«"^^^«^^ 

.*. log sin -4= 9.6015799 
log 8in23°33'= 9.6015703 

96 =diff. 

Tab.diff.=2897...2^^-^ = 2'' 

2«97 

4 = 23 33' 2'' and jB = 90° -23° 33' 2'' = 66° 26' 58'' 

2 log6= log (<?+«)+ log (c-o) 

c = 54.3i 
a = 2i.7 

76.01 

B 
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.', c-va^ 76.01 and log 76.01 = 1.8808707 
c- 0=32.61 and log 32.61 = 1. 51 33508 

^)3-39422i5 

.% log ft = 1. 697 1 107 
log 49786= .6971072 



35=diff. 



Tab. diff. = 87 .-.^ = •4 
.% ft = 49.7864 



Page 23, Case III. 

(I.) J5 = 90°-^ = 90°-35°2' = 54O58 

log ft = 10 + log a - log tan A 

io+loga=io + logi3=ii.ii39434l , 
log tan ^ = log tan 35° 2' = gMSl^U J 

.'. log ft= 1.2681790 
log 18543= .2681800 

.% ft = 18.543 

log q = 10 + log a - log sin A 

i^« «;r, ^^Oo/ " r>*«^Q?t?l ^subtract 
log sm 35 2'= 9.7589519/ 

.-. logc= 1.3549915 
log 22646= .3549915 

.*. 0=22.646 
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(2.) ^ = 90''-^:^ 90^-58*' 3' 27'' = 31° 56' 33" 

log 6= lo + loga-log tan -4 

10 + loga= lo + log 1157 = 13.0633334 
log tan 3 1° 56' = 9.7946641 



-3.2686693 
(Tab. diflf. ^2814) x|^,= ,548 



33 



.-.log 6= 3,2685145 
log 18557= .2685078 

^ . 67 = diff. 

Tab. diff. = 234 

67 . 

.'. — ^ =.29 
234 ^ 

.-.ft =1855.729 

logc=io + loga-logsinu4 

10 + log 0=13.0633334 

log sin 31° 56'= 9^.7234000 

(Tab. diff. = 2026) x0'= 1,14 



.-. log c= 3.3398220 
log 21868= .3398091 

129 = diff. 
Tab. diff. = 199 

120 
• -^ = .648 
199 

•,0=2186.8648 
b2 
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(3.) ^ = 90«>-JJ = 90<^-36P=j4» 

log-^s= 10+ log a -log tan ^ 

10 + log a= 10 + log 825 = 12.9164539 
log tan A ^ log tan S^^» 10. 1 387390 

-•.log ft = 2.7777149 
log 59959= -7777093 

54= diff. 

Tab. diff. = 73 

^ = .7 

75 
.-.ft = 599.397 

log c = 10 + log a - log sin A 

io+logo = 12.9164539 
log sin 54°= 9.9079576 



log 10197 = 


3.0084963 
.0084724 






239 = 


■ diflF, 


Tab. diff. 


= 426 




239 
426^' 


•56 




.•. C= lOI 


9.756 





(4.) JB = 9o^--4 = 9o°-3**2i'=86°39' 
log ft = JO + log a- log tan A 
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io + loga=io+log 1426 -I3.I54I 195 
log tan A = log tan 3° 2 1' = 8.76741 75 

.'. log h = 4.3867020 
log 24361= .3866951 

6^= diff. 





Tab. 


diff = 


179 




69 

179 


= .38 


.-. J = 


24361 


•38 


logc = 


= 10 + 


log a 


- log sin A 



lo +logrt= 13.1541195 
logBin3°2i'= 8.7666747 

.•. log c= 4.3874448 
log 24403= .3874432 

16 = diff. 
Tab. diff. = 178 

16 

— g = .09 .-. c = 24403.09 

(5.) ^ = 90°- ^ = 90° -1 7° 30' 30''= 72*^29' 30'' 

log & = 10 4- log a- log tan A 

io + loga= lo + log 28.75= 11.4586378 
log tan 1 7® 30' = 9.4987223 

1-9599155 
(Tab. diff. = 4403) x ~-^ = 220 1 



.'. logJ= 1*959^954 
log 91137= .9596947 



7 = diff. 
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Tab. diff. = 48 
i = .i .-.5 = 91.1371 

log c= lo+log a- log sin A 

io + loga= 11.4586378 
log sin 17^30'= 9.4781418 

r.9804^60 
(Tab. diff. = 4005) x |^, = 2002 



.'. log c= 1.9802958 
log 95564= .9802943 

i7=diff. 
Tab. diff. = 45 

i| = .3 .-.0 = 95.5643 
45 



Page 24, Case III. 

(6.) B = 90^ -A = 90° - 1 8° = 72° 

log 6=10 + log a - log tan A 

10 + log a = 10 + log 1 000 = 1 3.0000000 
log tan A = log tan 1 8° = 9.5 1 1 7760 

.'. log ft = 3.4882240 
log 30776= .4882122 



n8 = diff. 
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Tab. diff.= i4i 

1 18 

— =.8368 .-. ft = 3077.68368 

log c = I o + log a - log sin A 

I o + log a -1 3.0000000 
log sin 1 8° = 9.4899824 

/. logtf= 3.5 1 00 1 76 
^og 32 360 = . 5 10008 5 

91 =difF. 
Tab. diff. = i34 

— = .6791 /. 0=3236.06791 

Case lY. 

(i.) ^ = 90°-^ = 90°-39*^ 48^=50° 12' 

log a = log c + log sin -4 - lo 

log c = log 100 = 2.0000000 1 Add and re- 
log sin A = log sin 39° 48' = 9.8062544 J> ject 10 from 

J the sum. 

.*. log a = 1.8062544 
log 64011= .8062546 

.•. a = 64.01 1 very nearly, 

log h = log c + log cos -4 - 10 

log c = log 100 = 2.0000000 
log cos A =log cos 39^48'= 9.8855215 

.•. log ft= 1. 8855215 
log 76828= .8855195 

20 = diff. 



24 



A KBY TO THE 



Tab. diff. = 57 



20 



— =.35 .-.ft = 76-82335 



(2.) ^ = 90*»-JB=90°-22<'3'56"=67°56'4'' 

log a = log c + log fiia ^ - 10 

log 1760 = 3.2455 127 T .^^ 
log sin 67° s^'^ = 9.9669614 ^ ^j^^j'^ 

(Tab.diff. = 5i3)x^^ = 



(Bule XIII. 
34 -^PP-) 



log = 3.2124775 
log 16310= .2124540 



235 = diff. 



Tab. diff. = 266 



^-|| = .883 .-. 0= 1631.0883 

log b = log c + log COB A- 10 

log 1760=3.2455127! ,, 
log COS 67^56^ = 9.5748240 J 

,, * ^^ ' (.subtract, 
(Tab. diiF. = 3 1 16) X A_ = 208 /(Rule xiii.) 

.'. log ft = 2.8203159 
Jog 66117= .8203131 



28= diff. 



Tab. diff. = 66 



28 

^ = .424 .'. J = 661,17424 
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(3.) JB=90°-^ = 9o°-i8*'5'i2'' = 7i*'54'48" 
log a = log c + log sin ^ - 10 



log 28.347 = 1.45250711 
log sin 18° 5^= 9.49192 16 (add, 

(Tab. diff= 3867) xl^^ 773 j" 



(Rule XIII.) 



.'. log a = .9445060 
log 88004= .9445024 

36 = diff. 
Tab. diff. = 49 

^=•7347 •••«= 8-80047347 
49 

log b = log c + log cos -4 - 10 

log 28.347= 1.452 5071 1,^ 
log cos 1 8° 5' = 9.9780006 J *^° 

1.4305077 1 subtract, 
(Tab. diff. = 41 3) X ^, = 83 J (Rule xiii.) 

.-. log ft = 1.4304994 
log 26946 = .4304943 

51= diff. 
Tab. diff. =x 161 

r I 

^ = .32 nearly^ ,\ b = 26.94632 

(4.) J5=9o°-3i°2i'6''=58°38'54'' 
log a = log c + log sin -4 - 10 
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log 897.3 =2.95293771 
log Bin 3 1° 21' = 9.7162243 1 ^^^ 

(Tab. diff. = 2073) x ^, = 207 J 



.*. log = 2.6691827 
log 46685= .6691774 

53 = diff. 
Tab. diff. = 93 

-- =«57 •*• « = 466.8557 
93 

log b = log c + log cos ^ - 10 

log 897.3 =2.9529377 1^^ 
log COS 3 1° 2 1' = 9.93 14605 J 



2.8843982 1 

,._ V 6'^ f subtract 

(Tab. diff. = 770) xg^= 77 J 



.-. log & = 2.8843905 
log 76628= .8843875 

30 = diff. 
Tab. diff. = 57 

— = .C2 .-. 5=766.2852 
57 

(5.) ^ = 9o°-io°=8o° 

log a = log c + log sin -4 - 10 

log 1013 = 3.00560941 ^^ 
log sin 80° = 9.99335 15 J 

.'. log a = 2.9989609 
log 99761 = .9989608 
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.*. a = 997.61 

log h = log c + log cos -4-10 

log 1013 = 3.0056094! ,, 
log cos 80^ = 9.2396702 / 

■ 

.'. log 5 = 2.2452796 
log 17590= .2452058 

i38 = diff. 
Tab. diff. = 246 

^ = .5 .-.5= 175.905 

(6.) 5 = 90^ - 6° 1 3' 40" = 83*^ 46' 20'' 

log a = log c + log sin -4 - 10 

log 50=1.6989700") 
log sin 6° 13' = 9-0345825 Ladd 
(Tab. diff. = 1 1582) X 4^;= 7721] 

.*. log = 0.7343246 
log 54240= .7343197 

49 = diff. 

Tab. diff. = 80 

40 

^=.61 .•. a -5.424061 

log b = log c + log cos -4 - 10 

log 50= 1.6989700 \ ,1 
log cos 6° 13' =9.9974386/*^^ 

1.6964086 ^ 
- AQ^^ \ subtract 

(Tab. diff. = 138) X ^ = 92 J 

1.6963994 
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.'.log 6= 1.6963994 
log 49704= .6963913 

87 = diff. 
Tab. difil « 87 

Si 

gT = -93 .-. ^ = 49-70493 



Page 38. 
(2.) 28.71 X 103.22 = 2963.4462 

Natural sin 36^ = .5 or- (Table n., Manual.) 

,'. Area =- x 2963.4462 = 740.86155 sq. ft. -4iw. 
4 

(3.) 123.2x76 = 9363.2 

sin 49° = .75471 (Manual, Table il) 

9363.2 X .75471 =7066,500672; half of this is the area. 

.'. Area = 3533-250336 sq.ft. Ans. 

, 1000 ., 25 
(4.) b = 1000 yds. = — TT- mile = — mile 
^^^ ^ 1760 44 

c = 2i = - miles 
* 2 

^,x - = ^ and sin 42° s= .6691 3 

44 2 80 

I 125 .. 125 X. 66913 
...Area = -x— x.669i3 = — ^^g 

= . ^' ^ ? = 475^3 s^* iJ^il^s. -4rw. 
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(6. Supplement of 97® = 83^ 

log 5i3«:2.7ioii74 

log 22 = 1.3424227 

log sin 83*' = 9.9967507 

14.0492998 
la 



.-. log (2 area) = 4.0492998 
logii20i= .0492568 

340^diff. 
Tab. diBL » 3^8 

340 ^ , 

-gg=.876 ^\ 2 area = 1 1201.876 

and area « 5600.938. Ans. 

(7.) Supp. ul = 1 80°-- 126^ « 54<» 

log 127.3 = 2.1048284 

log 892.7 = 2.9507055 

log sin 54 =9.9079576 

14-9634915 
10. 



log (2 area) = 4.96349 1 5 
log 9^937= -9634903 

i2=:diff. 
Tab. diff. = 47 

12 _ 

--».25 Tieor^, .'.2 area e 91937.25 

andarea » 45968.62 5^ Ana, 
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(8.) log 2.314 = 0.3643634 

log 1.527 = 0.1838390 
log sin 49° 6' = 9.8784376 

(Tab. diff. = 1095) xg^= 365 



10.4266765 
10. 



log (2 area) =0.4266765 
log 267x0= .4266739 

25=diff. 

Tab. diff. = i62 

26 
-^ = .i6..*. 2 -area =2.67 1 01 6 

and area =1.35 5oi8. Ans, 



(9.) log 77 = 1.8864907 

log 159 = 2.2013971 
log sin 50° 31' = 9.8875102 

(Tab. diff. = 1041) x |^' = 486 



13-9754466 
10. 



log (2 area) = 3.9754466 
log 94503 = .97544^6 

10 = diff. 
Tab. diff. =46 



10 



-g = .2i73 .-.2 area = 9450.37173 
and area = 4725. 1 6086. Ans, 
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(lo.) Supp. A= i8o°- 114^28' 32'' = 650 3 1' 28" 

log 287.1 = 2.4580332 

log 310.25 = 2.4917118^ 

log sin 65° 31' = 9.9590805 

28" 
(Tab. diff. = 576) x ^, = . 269 



14.9088524 
10. 



log (2 area) =4.9088524 
log 81068=: .9088495 

29 = difF. 

Tab. diff. = 54 

20 

-^=.537 .•. 2 area = 81068.537 

54 

and area = 40534.268. Ana, 



Page 40. 



(2.) 14.26 

19.2 

32. 



2)65.46 



32.73 32.73 32.73 

14.26 19.2 32. 



18.47 ^3-53 .73 

.-. Area= ^J{^^>^^ x 18.47 x 13.53 x .73) 

= \/(^03^«S 1420639) = 77.695. Ansn 
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(3-) 7*- 

64.1 

".3 



2)158.4 

79.2 79.2 79.2 

72. 64.1 22.3 

7.2 15.1 56.9 

.•. Areas \/(79«* ^ ?•* ^ ^5«^ ^ 5^*9) 
= %^ (489944-505^) - 699.96. Ans. 



(4. 



53 






49 
98 






2)200 






100 


100 


100 


53 


49 


98 



47 51 2 

.-. Area = ^(100 x 47 x 51 x 2) = %/ (479400) 

= 692.387. uin«. 



Po^ 41. 

(6.) 131 

246 

3^7 

2)704 

35* 3S^ 35» 

131 246 327 

221 106 25 
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log 352 = 2.5465427 
log 221=2.3443923 
log 106 = 2.0253059 
log 25=1.3979400 

2)8.3141809 

.'. log area = 4. 1 5 70904 
log H357= -'570637 

267=diff. 

Tafc. diff. = 302 

267 

— = .88 .-. area = 14357.88. Am, 



(7-) 2.05 

1.67 
2.70 



2)6.42 



3-21 3.21 3.21 

2.05 1.67 2.70 

1. 16 1.54 .^1 

log 3.21=0.5065050 
log 1. 16 = 010644580 
log 1.54 = 0.1875207 
log 0.51 = 1.7075702 

2)0.4660539 

log area = 0.2330269 
log 17101 = .2330215 

54 = diff. 
Tab. diff. = 254 

54 
«.2i2 .-. area= 1.7101212. Ans. 

294 



34 
(8.) 





A KEY TO THB 




i8oo 
1728 
1521 






2)5049 




2524.5 
1800. 


2524.5 
1728. 

796.5 ] 


2524.5 
1521. 


7245 


1003.5 


log 2524-5 = 3.4021754 
log 724.5 = 2.8600384 
log 796.5 = 2.9011858 

log 1003.5 = 3.0015174 






2)12.1649170 




log area = 6.0824585 
log 12090= .0824263 


• 




322 = 


= diff. 




Tab.diff: = 359 




322 


• Ar«^= laoooSo-*?. 


^«jr. 



359 

N. 6. — The area, correct to the second place of decr-'^ 
mala, is 1209089.53. 



(9.) 0.23 

0.34 
045 

2)1.02 

0.51 0.51 0.51 

•23 -34 -45 

.28 .17 .06 
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log .51 
log .28 
log .17 
log .06 



1.7075702 
1.447 1 580 
1.2304489 

2)3.1633284 



>• (Rule IL App.) 



log area = 2,58 16642 (See App. p. 6j, 
log 38164= .5816539 N, B.) 



103 

114 



103 
Tab. diff.= ii4 

.9 •*. area = .0381649. 



Ahs. 



(la) 



507 
603 

721 



2)1831 

9155 

507. 



9155 
603. 



9»5-5 
721. 



408.5 312.5 194.5 

log 915.5 = 2.9616583 
log 408.5 = 2.61 1 192 1 
log 3 1 2.5 = 2.4948500 
log 194.5 = 2.2889196 

2)10.3566200 

■ ■ ■ » 

log area= 5.1783 100 
log 15076= .1782861 



239 = diif. 



c 2 
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-^ = .83 /. area= 150768.}. Ans. 

2oo 



PagA 43. 

(2.) 5+C7=4?*'3^' + 7i''2S'=^i4°56' 
.•.^ = 180°- 1 14^ 56^ = 65° 4' 

log h = log a + log sin B - log sin A 

log 14.83 = 1.17114121^^^ 
logsio 43°3i'=9-8379453 / 

11.00908651 , 
log sm 65° 4' = 9.9575 1 10 J 

.-.log J = 1.0515755 
log 11260= .0515384 

371 =sdiff. 
Tabdiff. = 386 

— =.96 .'. b= 11.26096 

log c = log a + log sin C- log sin A 

log 14.83=1.17114121^^^ 
log sin 71^25 =9.9767447 J 

/^•H78859\ subtract 
log sm 65° 4' = 9.9575 1 10/ 

.-. logc= 1.1903749 
log 15501 = .1903597 

I52 = diif. 
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Tab. diff. = 28o 
^^^-•54.-. c= 15.50154 

(3.) ;*+(?= 72° 31' 30''*+ 81° 24 20'' 

.-. ^=* i8o°- 155° 55' ^o'^=.26°4' 10" 
log b = log a + log sin B - log sin X 

log 1728 = 3.2375437 ^ 
log sin 7?° 31^ = 9-9794593 l .^j^ 
(Tab.diff.= 398)xg-,= 199 j 



. ^ !». 



log sin 26%' = 9.6^18765 }'"''*'"°'=' 

3.57414641 

/T u jvfl? o \ ^o" > subtract 

(Tab. diff. =2582)xg-^= 430 j 



.-.log 5 = 3.5741034 
Jog 37506= .5741007 

27 = diff. 
Tab. dijBP. = 115 

^=.23 .-.^cE: 3750.623 

log c= log a + log sin C - log sin A 

log 1728 = 3-23754371 
log sin 8 1^ 24^ = 9-9950893 L add 



20' 



(Tab; diff. = 191) x ^— = 64 

13.2326394 
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log sin 26^ 4' ^fllltfel } ^""^^^^ 

3.58^6291 

/rr u Jir ^ o \ *^' > subtract 

(Tab. diff. = 2582) X ^ = 430 J 



.-. log c = 3.5897199 
^g 38879= -589715' 

48= diff. 
Tab. diff. = 111 
48 

777=43 .V c= 3887.943 

(4) ^+0=117^23' 12''+ 52^18' 10" 

= 169° 41' 22'' 

.-. A = 180^- 169O41' 22''= 10^ 18' 38'' 

Supp. B = 1 80° - 1 1 7^ 23' 1 2" = 62° 36' 48" 

log 5 = log a + log sin B- log sin A 

log537.2i = 2-730'44n 
log sin 62^36' = 9.9483227 I ^^ 

(Tab. diff = 655) x|L= 5 24 J 

1 • o Of • 7 5 y > subtract 
log sm 10° 18' = 9.2523729 J 

3.4261463"] 

/ri> u j-/r /: ^\ 38" i^ subtract 

( 1 ab. diff = 6946) X 1^ = 4399 J 



.•. log 6 = 3.4257064 
log 26650= .4256972 



92 = diff. 
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Tab. dij9P.= i63 

92 

-2- = *S^ .*• ft = 2665.056 

log c = log a +log sin C - log sin A 

^og 537-21 = 2.73014411 
log sin 52® 18^=9.8982992 I ,, 

(Tab.diff. = 977)xg7= ,63/ 

log sin 10^ 18^- 9!25 21725}^^^*''*^^ 

3.3760867 
(Tab. diff. = 6946) x ^-77= 4399 [subtract 

.'. log c- 3.3756468 
log 23749= .3756453 

15 =diff. 
Tab. diff. = 183 

^=.08 .-.0=2374.908 



Page 44. 
(5.) -B+ C= i2o°i5^i5" + 36^52'=i57«>7' 15" 

.-. ui = i8o**- 157^7' 15'' = 22^ 52' 45" 

Supp. B= 180^-120** 15' 1 5'' = 59® 44' 45^' 

log ft = log a + log sin B - log ein A 



40 

A KBT TO THB 

log 1000=3.00000001 
log 81115904^^ = 9.536 I 

iog 8in 22^ 52' = 9.5894893 I subtract 

^, 3-34692591 
(Tab. diff. = 2995)x^« 2^^ J^subtract 

•••%*«= 3-34^7013 
log 22217= .3466854 

^Tab.diff.= x95 '^^^^^^' 

196" " •••^=2221.7811 

^og<?-loga + logsinC'-log8in^ 

u .^°^i5°o = 3-0000000 I ,^ 
iogsm 36° 52' =9.778 1 1 86/*^^ 

1 ft 12.7781 1861 ^ 

log sin 22^ 52^ = 9.5894893 / subtract 

3- 1 8862931 
(Tab. diff. = 2995) X ^'= 2246/ «^b*^act 

w ^ 

.-.log 0=3.1884047 
% 15431=* .'883941 

Tab. diff. = 28i 
106 
J87 = -37 •'.<?= 1543.137 
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(6.) ^+C=3<5^4y 2o"+22° lo' 15" = 58° 53' 35' 
.-. ^= i8o°-58° 53' 35"- 121° 6' 25" 

andSupp..i = 58°53'3S" 
log 6 = log a + log sin <B - log sin A 

log 97.6 =1.9894498^ 
log sin 36° 43' = 9-7765983 Udd 

(Tab. diff.= 1693) x—:^ 564J 



1 1.7661045I subtract 
log sin 58° 53^= 9-93^5330 / 

1.83357^51 
2c^' >^ subtract 

(Tab. diffl = 763 ) X 1^, = . 445 J 

.-.log 5= 1.8335270 
log 68159 = .8335232 

""^ ^ = diff. 

Tab. diff. = 64 

I? =.6 .-.ft = 68.1596 
64 

log c=log a + log sin C7-log sin A 

log 97.6= 1.98944981 
log sin 22° 10^ = 9.5766892 I ^^ 

(Tab. diff. = 3099) X ^, = 775 J 

^^^/^•5662i65l ^^^^^^^, 
log sin 58° ^3'= 9-9325330 / 

1.6336835 



42 



A KBT TO THB 



(Tab.diff.= 763)>c|i;'= 445 1 «'^tt'»<'' 



log c = 1.6336390 

^0543016= .63363CX) 

90 = diff. 
Tab. diff. = loo 

— = .9 .-.6 = 43.0169 



Pa^e 47. 
(3.) By equation (i), page 44, we have, 

log siu B = log sin A + log ^ - log a 
log sin 36° 42' = 9.7764289"] 
( Tab. diff. = 1 694) X 1^' = 847 I add 

log 53 = I -7^2759 -^ 



log47 = i'i%?9}'^^'''"' 



.*. log sin ^=9.8286916 
log sin 42® 22^=9.8285778 

Ii38 = diff. 
Tab. diff. = 1385 

1138x60" » ^ « 

j^g^ = 49 ' ••. -5= 42*" 22' 49 . (Rule xiv. App.) 

^ +5 = 36° 42' 30'' + 42® 22' 49" = 79° 5' 19'' 
.-. (7= 1 80° -79^ 5' 19"= 100° 54' 41" 
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and .'. Supp. (7= 79® 5' 19" 
By equation (3), page 42, we have 

log c = log a + log sin C - log sin A 



log47=i 1.6720979 
log sin 79® 5' = 9.9920689 

(Tab.diff. = 244)xl^;= 77 



add 



log sin 36« 42'=i57^i289 } «'^^*"*'* 

1.88774561 
(Tab.diff.= i694)xg= 847 f'^^*''"* 



.'. logc= 1.8876609 
log 77207= .8876567 

42 = diff. 
Tab. diff. = §6 

^ = .75 .-.0 = 77.20775 

(4.) Supp. A = 180^- 124** 32' = 55^ 28' 

log sin -B=log sin il +log J -log a 

log sin 55« 28' = 9.9158200 1 , , 
log 312 = 2.4941546/ 



12.40997461 , 
log 517 = 2.7134905 J 



.'. log sin £= 9.6964841 
log sin 29° 48' =9.6963336 



1 505 = diff. 



44 A Kit TO THE 

tab. diff. = 220^ 

2205 ^ ^ ^ ^ 

^ + J?= 124° 32^ + 29° 48' 41"= 154° 20' 41" 

.-. (7=180^-154° 20' 41" = 25° 39' 19" 

log.c = log a + log sin C---log sin -4 

Iog.5i7 = 2.71349051 
log sin 25^ 39'^ = 9.6363601 I ^^^ 

(Tab. diff. = 2630) X ^, = 8 3 3 J 



. ^ ,,^^-3499339 1 s,,btract 
log sin 55° 28' = 9.91 58200 J 

.-. log c = 2.4341 1 39 
log 27171 = .4341056 

83 = diff. 
Tib. diff. = 160 

83 



(5.) log sin 5 = log sin ^ + log ft- log a 
log sin 62° 24' = 9-9475335 ' 
(Tab. diff. = 66 1 ) x i^ = 220 > add 

log 2 17 = 2.3364597 J 



12.28401521 ^^^^^^^ 
log 199=2.2988531 J 

.'. log sin B = $.98 5 1 62 1 
log sin 75° 6' = 9.985 1462 

159 = diff. 
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T»t). diff. = 337 

■^ — -^ = 28" .'. since B is obtuse, 
337 

JB=i8o^-75°6' 28''= 104** 53' 32^' 

^+5 = 62° 24' 20" + .104^ 53' 32" = 167** 17' 52" 

.-. C= i8o°- 167° 17' 52"= i;2^ 42' 8" 

log c=log a + log sin C-log sin A 

log 199= 2.2988531 T 
log sin I ;i^ 42' = 9.342 II 90 I, add 

(Tab. diiF. = 5602) x g^ = 747 J 



I I. 641 04681 V, 

1 • z- o / T X I subtract 

log sin 62° 24' = 9,947533s J 

,, 1-69351331 

/rr V. jir /:/: \ ^^ }► Subtract 

(Tab. dift. = 661) X ^,= 220 J 



.". log c= 1. 69349 1 3 
iog 49373= -6934895 



i8=difF. 
Tab. diff. = 88 

18 

.j^^ -204 .-.c- 49.373204 

(6.) Supp. A^ 1 80° -107° 3' 13^/= 72° 56' 47" 
log sin J5 = log sin -4 + log 5 - log a 



46 A KEY TO THE 

log sin 72® 56' = 9.9804415 1 
(Tab diff. = 388) x |^^ = 304 ^ add 

log 30.8= 1.4885507 J 

11.46902261 , 
log 62.7 3 == 1.7974753 /«^^*^*^^ 

.'. log sin 5=9.6715473 
log sin 27® 59' = 9*67 1 37 16 

1757 = diff. 
Tab. diff. = 2377 

^377 
^ + JB= 107^ 3' 13''+ 2f 59' 44''= 135^ 2' 57" 

.-. C= 180*'- 135^ 2' 57^=44'' 57' 3'' 

log c = log a +log sin C- log sin J. 

log 62.73 =1.79747531 
log sin 44*> 57'= 9-8491057 L ^dd 

(Tab. diff. = 1 265) X ^ = 63 J 



log sin 720 56' = 9:Ki5 1'""^*"'"'* 

1.66614581 
(Tab.diff. = 388)xg= 304|'"^*"<'^ 



.-.log c= 1. 666 1 154 
log 46357= .6661153 

-0=46.357 
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Page 48. 

(2.) + 6 = 516+219= 735 

0-6 = 516- 219 = 297 

4 (^ + J5) = 90°-i C7=9o°-49°2/ = 4o<> 33' 

log tan J (^ - J5) = log (a - 6) + log tan \{A-\-B) 

- log (a + 6) 

log 297 = 2.47275^410^^ 
log tan 40° 33' =9.9322662 J*^*^ 

12.40502261 , 
log 735 = 2.8662873 /subtract 

^logtan J (^- J?) =9.5387353 
log tan 19° 4' = 9.53861 10 

1 243 = diff. 
Tab. diif» = 409o 
1 24« X 60^' 

.•.-4 = 59<>37/ 18^/ 
and 5= 21 28 42 

log c=log a + log sin ^- log sin A 
by equation (3), page 42 ; 

and supp. C= 180®- 98® 54 = 8i® 6' 



48 A iSLEY TO THE 



log 516 = 2.7126497 I 
log sin 8i° 6' = 9.9947393 / 

1 . a , •/ 73 y > subtract 
log $m S9 37' = 9-9358401 J ""''™'*' 

2,77154891 

/rp u jxr^- \ ^8" ^ subtract 

(Tab dm. =i 741) x ^-y^ = 222 J 



.-. log = 2.7715267 
log 59091= .7715213 

54 = diff. 
Tab diff. = 73 

^ = .74/. 0=590.9174 



Page 49. 
(3.) a + 5= 53.24+ 31.27 = 84.51 

0-^ = 53.24-31.27 = 21.97 

J (^ + J5) = 90^ ^ J C-90^ - 63^ 18' 3'^ « 26^ 41' 57'' 

log tan J (A -. B) = log (a - 6) +log tan ^ (4 + E) 

- log (a + &) 

log 21.97=1.3418301^ 
log tan 26° 41' = 9.7012080 I ,j 

(Tab diff. = 3 147) X g^ - 2990 



11-0433371 
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log 84,51 =\':9t6^o8!}«^^*'«^* 

.-. log tan i (-4 - J?) = 9.1 164290 
log tan 7® 26' = 9. 1 155072 

9218 = diff. 

Tab. diff. = 9837 

9218x60'' ,„ . , , 

9837 ^ •'• * ^ ^^'^ '' '^' ^^' 

i(-4+J?)=26^4i'57'/ 

.-.-4 = 34° 8' 53'' 
J?=i9°i5' I" 

Supp. (7=i8o°- 126® 36' 6''=53** 23' 54" 

log c = log a+log sin C-log sin A 

log 53.24=1.72623801 
log sin 53° 23'= 99045230 Lj^ 

(Tab. diff = 939) xg;= 845 J 

1 1.63084c cl , 
log sin 34"^ 8' = 9.7490562 )«^^tract 

1.8817893-j 
(Tab. diff. = 1863) X gJJ == 1645 ] ««^*™«* 

.*. 1(^ 0=1.8816248 
log 76142= 1.881624^ 



.•. 0=76.142 

D 



50 A KW TQ.TUB 

(4) 0+^851 + 536 = 1367 

0-6 = 831-536=295 

i = (^ + £) = 9q^i(?-9»-8°i4'2o^'*^8i^45'40' 

log tan ^(A-By^ log (a - :&) + log tan ^{A + B) 

- log (a 4- ft) 

10^29530 2.4698220 1 
log tan 81^45'= 10.8386527 I ^^ 
40'' r 

60^ 



(Tab. diff. « 8?88) X J2.^ - - 59*S J 



^3.3090672 J3^btract 
log 1367= 3-1357685 J 

/. log tan i (^ - 5) = 10.1732987 
log Um 56^ 8/ =* 10. 1 75 1947 

1040*: diff. 
Tab. ^iff-- 2730 

1040x60-^^ .^ ^(^_5) = 56° 8' 23'' 

2730 

i(il + J?) = 8i%5'40'' 

.-. i4 = i37*'54'3" 
attd-B« *5 37 »7 

Supp. ^ - 180^ - 137^ 54' 3'' = 42^ 5' 57" 
logc^log a + log sin (7 -log. sin -4 

log 831 = 2.91960101 
log sin 16° 28' =94524879 1 ^^ 

(Tab. diff. -427O X £ - ^M J 

12.3713737 
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log Sin 42» 5' = lillVAl } *^^*~<=t 

2.5461623 1 
(Tab. diff. = .398)>.gi;= ,328/^"^*"^ 



.'.log = 2.5460295 

log 55158= .5460242 

53 = diff. 
Tab. diff.*i24 



(5.) a + ft = 8214+ 3732=11946 

0-6 = 8214-3732 = 4482 

i (^ + 5) = 90° - ^ C= 90^- 30° 56' 30" - 59^ 3' 30" 

log tan ^ (.4-Jg) = ]og (a - ft) + log tan ^ (^ + i^) 

- log (a+ ft) 

log 4482= 3.6514719^ 

log tan 59^ 3^ = 10.2220851 1^ ,, 
^Qf/ f add 

(Tab. diff. = 2863) x|-^= ,43 1 j 



log 11946= 4,0772225 /s^DtrLct 



log tan "l^f^ - JB)= 9.7964776 
log tan 32^2'= 9.7963531 



1 263 = diif. 



Tab. diff. = 2809 
d2 



52 A KBT TO THK 

W63 xj6o;' ^ , . ^ (^ _ 5) = 3 jO ,, ,^„ 

2809 

and 5 = 271 3 

Supp. il = 180^- 9i« 5' S7' = 88« 54' 3'' 
log c = log a + log sin C- log sin -4 

log 8214= 3.91455471 add 
log Bin 6i® 53' = 9-9454630 J 

'3.8600183 l^t^^^^, 
log Bin 88** 54' =9.9999200 J 

3.8600983 ^ 

a" ^ subtract 

(Tab.diff. = z5)x^,- ij 

,'. log 6 = 3.8600982 
log 72460 = 3.8600983 

.'. 6 = 7246 

(6.) + 6=1.73 + 1.23 = 2.96 

a-6=i.73- 1.23 = 0.5 

i(il + J5) = 90°-iC=90^-ii°6'45=78*'S3'iS'' 

log tan i (-A - 7^) = log (a- 6) + log tan ^(A-¥B) 

-log (a+&) 

log .5= 1.6989700^ 
log tan 78^ 53'= 10.7066500 1^^^^ 

(Tab. diff. = 6672) X ^] = 1668 

10.4057868 
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'^•4°57^^^\ subtract 
log 2.96 = 0.4712917 J^^^^^*^* 

log tan i (^ - 5) = 9.934495 1 
log tan 40® 41' = 9.9343 1 14 

1837 = diff. 
Tab. diff. = 2556 

1837x60'' 

-~6— =43".-.i(^-^)= 40° 41' 43" 

i(A+B)= 78 53 15 

A -4 = 119** 34' 58" 
and B= 38 11 32 

Supp. ^ = 180**- I ig^ 34' 58" = 60** 25' 2" 

log c= log a + log sin C- log sin A 

log 1.73 =0-2380461^ 
log sin 22^ 1 3' = 9-5776 1 83 ! ^^ 

(Tab. diff. = 3092) X gJJ = 1 546 J 



9.8x581901 ,^ ^ 
log sin 60^ 25' = 9.9393388 )«^^*^*^* 

X. 8 764802 T 

/n^ u j'ir \ *'' ^subtract 

(lab. diff. = 7i7)x— = 24J 



.'. log 0=1.8764778 
log 75245 = 0.8764776 

.•.c«. 75245 



54 A Kpy TO THE 



Page 50. 



(2.) a «= 15.32 

c« 16.22^ 



2)53- 'o 



*= 26.55 *6.55 

21.56 X6.22 



*-i = 4.99 *-c= 10.33 

log 4.99 = 0.6981005 log 21.56=1.3336488 
log 10.33 = 1.0141003 log 16.22 = 1.2 100508 



^:?;;6^6 }-'>*-» ^•^*^''^' 



2)1.1685012 

■ I ■ 

1.5842506 
10. 



•^^^ti^^i^Wm^ 



.*. log sin i ^ = 9.5842506 
log sin 2 2"^34'= 9,5840576 



i93Q = diff. 
. Tab. diff. = 3039 

-^^ 38" .-. i^ - «2° 34' 38" 

and 4 ?=4S°. 9' . ' 6.'' ^ n«. 
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(3) 



a = 2 1 34 
b= 1617 
c= 815 


• 


2)4566 


_ 


^ = 2283 
2134 


"83 
815 



log i49«*2.i73iS63 Jog 3 134 =.3.3 29 1944 
log 1468=43.1667261 log 8.15 1= 2.911 1576 



I1399IM U,,bthict 6.2403520 
0.2403520 J 



2)1.0995604 

1.5497802 
10. 

log sin ^ ^ = 9.5497802 
log sin 20® 46' = 9-5496935 



Wy-diff. . 

Talxcliff.>333o 

867x60'' ,.v 1 « « , 
333^ . -iri .^ i ^* ^00-46' ,5// i 



56 A KBT TO THB 

(4) a=i5oo 

5=1342 
c« mo 



2)3952 



«« 1976 ^97^ 

1 500 1 342 



• -0*476 #-6=634 

log8ini(7=io+i{log(#-a)+log(«-6)-loga-log6) 

log 476 = 2.6776070 log 1500=3.1760913 
log 634=2.8020893 log 1342 «3,i277525 



5.4796963 1 g^btract 
6.3038438 /«^^^"^* 



6.3038438 



2)1,1758525 
1.5879262 



log sin ^ (7=9.5879262 
log sin 22® 46' =9.5876876 



2386= diff. 

Tab. diff. = 3009 
2386 X 60'' 



-O. 



-47''i---i<7=^^%^'47"i 



3009 

and C7= 45® 33' 35". Ans. 
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(5.) a = I. 

b- 1.32 
c = o.7J 



2)3-07 



*«»-53S I-J35 

1.32 .75 



s-bm .21J «-c = .785 

log sin i 4 = 10+ J{log («- 5) + log («-c)-log &-logc} 

log.2i5=£.3324385l rglogi.32=o.i205739l^ 
log .785 = 1.8948697 /« log •75 = 1.8750613/ * 



_«.2273o82|^ 1.9956352 

1.9956352 / 



2)1.2316730 
T.6I 58365 

10. 

log sinj^A = 9.61 58365 
log sin 24® 23' = 9.615781 2 



5S3=diflP. 

Tab. diff. = 1787 
CC^ X 60" 

and ^ = 48* 46' 24". Ant. 



58 A KETy ETC. 

(6.) a =27 

c= 9 

2)68 

« = 34 34 

*7 J* 



logsin^C=iO.+ |{k>g(5-a) + log(«-*)'-l6ga-logft} 

log 7 = .«4509.»o log 47* 1.45^3*3^ 
log 2 = .3010300 log 32 = 1.5051500 

, i-i4^i«8o \ subtract *-936jl38 
2^365 '38/ 

:r) 2.2096 142 

* < 

T.I04807I 

10. 



log sin -^ C= 9.x 04807 1 
log sin 7° 1 8'= 9. 1 040246 

7825=diff. 

Tab. diff. = 9850 

and (7« 14® 37' 3^'^ -Atw. 
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Page 56. 



(2.) MantisBB tft9s6^2 =. .9326361 

(Tab. diff. S3 51) X .4 =3 20.4 20 

CbaracteriBtic = 5. 



.% log S56324 = 5.9346381 AnM. 

(3.) Mantusa of 17356= .2369401 

(Tab. diff. = 251) x .74 « 185.74 ; 186 

Characteristic = 6. 



.*. log 1725674=6.2369587 An$. 

(4.) Mantissa of 32495 ^ .51 181 65 

(Tab. diff. = 1 34) x .67 8 = 90. 852 9 1 

Characteristics 7. 

.-. log 32495678= 7.5118256 Ans. 

(5.) Mitfitissa of 98765= .9946031 

(Tab. diff. = 44) x .4267 = 18.7748 19 

Characteristic « 8. 



. '. log 987654267 = 8.9946050 Ant. 

(9.) Mantissa of 85673= .9328440 

(Tab. diff. = 517 >< .6 = 30.6 3 1 

Characteristic = 4. 



.*. log .000856736 = 4.9328471 An: 
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^^^ , . ^ 15673428 

log 36926= .5673323 (omitting the chamcteristic) 

105 = Diff. 
"8=Tab. diff. 

YJ^ = .89 .-. Required number = 36.92689 Ahm. 



(3) 



5-7326421 
^og 54030= .7326350 



71 = Diff. 

80= Tab. diff. 

71 

g^ = .8875 .-. Required number =540308.875 Ans. 

(4-) 3.8924652 

log 78066= .8924619 

33 = Diff. 
56 = Tab. diff. 

^^ = .589 ••• Kequired number =7806.6589 Ans. 



(5.) 



(6.) 



.9276324 
log 84651 =.9276321 

3 = I>iff. 
51= Tab. diff. 

J7 =.059 .-. Required number= 8.4651059 Ans. 



2.5321658 
log 34053= .5321554 

104= Diff. 

1 28 = Tab. diff. 
104 

^ = .8 .-. Required number = .0340538 Am. 
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(7.) 4.3*15467 

k)g 30967= .3215363 



104 = Diff. 

207 = Tab. diff. 
104 
— = .5 .'. Required iMimber= .000209675 Ans. 



W 1.1863241 

% 15357= .1863064 



177 = Diff. 
283 = Tab. diff. 

^ = .62 .-. Required number = .1535762 An$. 



Page 60. 
(4.) log 1576.3 = 3. 1976389 

log .85673 =1.9328440 



3.1304829 
log 13504= .1304624 



205 = Diff. 

322 = Tab. diff. 
205 
— = .636 .♦. Required number = 1350.4636 Ant. 



(5) log 1 8.54 =1.268 1 097 

log 735.6425 = 2.8666668 



4- '347765 
log 13638= .1347507 



258 = Diff. 

3 18 = Tab. diff. 
258 
— g = • 81 1 . •. Required number = 13638. 811 Ant» 
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(6.) 10^21.357 = 1.3295402 

log 6324.567 = 3.8010308 



5.13057 10 
log 13507= .1305589 



i2i=Diff. 
322=Tab.diff. 



Ill 



— = .376 .-. Required number = 135073.76 Atu. 
322 

(7.) log 18.21 =1.2603099 

log 35-672 =1.5523275 
log 2.847 = 0.4543875 

log 11.256=1.6513841 



4.3184090 
log 20816= .3183973 



ii7 = Diff. 
209 » Tab. diff. 

ill = .56 .*. Required number = 20816.56 Am. 
209 

(8.) log .0875 = 2.9410142 

log 25,773206= 1^.4111685 
log .005693 = 3.7553412 

2*1075239 
log 12809= .1075152 



87 = Diff. 
339 = Tab. diff. 



87 



—2- = . 2 . •. ReqiUred number = .0 1 28092 Ahm. 
339 



APPKBtDlX. 03 



Page 6i. 



log .0129 = 2. 1 105897 



m. ■«ii ■ lib' 



. •. log quotient = i .4021 8 8 1 
log 25245= ^021754 



127=:Diff. 

i72 = Tab. diff. 

127 

rr:2 = -73» .\Quotient= 25.245738 Ant. 

(3O log 11067= .0440299 

(Tftb. diflf. = 392) X .3 = 117.6 118 



.*. log 110.673 = 2.0440417 

,0, . ..^ V ^®^ 5^34 - -7538434 \ Retaining onlv the 

(Tab. diff. = 77)x.2=i5,4 15/ Mantiasa. ' 



.-. log 567.342 =r 2.7538449 
but log 110.673 r» 2.0440417 

.*. log quotient =£ .7098032 
log 51262= .7097955 



77 = Diff. 
84 = Tab. diff. 



77 

•g-=.9 .-. Quotient =55. 1 2629 Am, 



(4) log .01237 = ^•0923697 

log 108.46 a 3.Q35 2696 

.'. log quotient = 4.057 100 1 
log 1 1405= .0570953 

48 = Diffi 

381= Tab. diff. 
48 ^ 

^-.p .%Qa(^ieii|=3.ppojX405i Aum. 
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(5) log 1005^ = .0024253 

(Tab. diff. = 432) x .789 = 340.848 341 



.*. log 10056789 = 7.0024594 

log 385.27 =2.5857652 
and log 10056789 = 7.0024594 



.'. log quotient =5.5833058 
log 38309= .5833008 



50= Diff. 
1 14 = Tab. diff. 

•^-~ = .44 . *. Quotient = .00003830944 Ans. 
114 

(6.) log 28764= .4588493 

(Tab, Diff. = 151) x .2 = 30.2 30 



.*. log 287.642 = 2.4588523 
log 83456 = 4.9214576 



.'. log quotients 3.5373947 
log 34466= .5373909 



38= Diff. 
1 26 = Tab. diff. 

-^ = .3 .'. Quotient =.00344.663 Am, 
116 
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(2.) logll= 1.0413927 

5 

5.2069635 
log 16105 = .2069607 

28 = Diff. 

270= Tab. Diff. 

28 
=. I .*. Required power a 161051 Ant, 
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(3) log 82.56 = 1. 9 1 67 697 



2 



3.8335394 
log 68161= .8335360 

34 = Diff. 
64= Tab. diff. 

34 

T- = .5 3 •'• R«qnired power =r 6816.153 '^"»- 



(4) log 196.3 = 2.2929203 

3 

6.8787609 
10575641= -8787573 

36= Diff. 
57 = Tab. diff: 

36 ^ 

— = .63 .-. Required power =7564163 Au$. 



(5O l9g_i-5= •1760913 

2 



J I Mnltiply 



3.6979173 
log 49879= .6979177 

. *. Required power = 4987. 9 Ang. 



(6.) log ..037= .0.57788 jjj^jjp,^ 

4.6863036 

log 48562= .6862966 

70 = Diff. 
89 = Tab. diff. 

70 

r— = .8 .*. Required number = 48562.8 Ant. 

89 
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(8.) log .08567 = 2.93281^8 

2 



3.8656576 
log 73393= '^^5^54^ 

3o = Diff. 
59 = Tab. diff. 

^ = .5 .*. liequired powier = .66733935 Atu. 
59 



(9.) log .10341 = 1.01456*25 

10 



10.1456250 
log 13983= . .1456064 

246= Diff. 
3 10= Tab. diff. 

?l-.rs.79 •.•'Required number = .000000000 1 3985^ 9 Ant. 
310 



« » *••»* 
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(2.) log 75863 = .8800300 
(Tab. diff. = 57) x .2 1 = 1 1.97 ^ 

•'• log 7586.321= 3.8800312 
2)3. 8 8003 1 2 

1. 94001 56 
log 87099= .9400132 

24 = Diff. 
50= Tab. diff. 

. — = .48 . •. Required root s= 87,09948 Ant. 
50 
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(3-) log i7?9=3-»37795o 

3)3.»37795o 

1.0792650 
log 12002= .0792536 

ii4=Diff. 

362 = Tab. diff. 
114 

-g^ = .3l .*. Required root= 12.00231 ^fta. 

(4) log 100000 = 5.0000000 

28)5.0000000 

.1787143 
log 15090= .1786892 

25i=Diff. 
288 = Tab. diff. 

jjg = . 87 .'. Required root = 1.509087 Ans. 

is-) Jog i.o653 = . 02747 19 

35).02747i9 

.0007849 
log iooi8 = .ooo78io 

• 39 = Dlff. 
434 = Tab. diff. 
39 
J— = .09 .-. Required root =1.001^09 Ans. 

(8.) log . 1478 = 1.1696744 

2)7.1696744 

T.5^48372 
log 38444 = .5848286 

86 = Diff. 

.^ 113 = Tab. diff. 

86 
— = .76 .-. Rwiuired root = -3844476 Ans 
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(9.) log .01789 = a.2526103 

18)2.2526103 

T.9029228 
log 79969 = .9029217 



ii=Diff. 
54 = Tab.diff. 



II 



— = .2 . •. Required root = .7 99692 Ans. 
54 



( I o.) log 1 000000 = 6.0000000 

100)6.0000000 

.0600000 
log 11481= .0599797 

203 = Diff. 
378 = Tab. diff. 

— = .537 •'. Reqmred root = 1. 1481537 Ans. 
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h) 5 log 8 = 4-5154500 3 log 48 =5-0437236 
3 log 21 = 2.6444386 4 log 1 1 2 = 8.X968720 
3 log 56 = 5.2445640 



13.2405956 j 



13.2405956 



1.1638570 
log 14583= -1 638469 

101= Diff. 
298= Tab. diff. 

i£i = .34 .-. Bequiied value = .1458334 ^«*- 
298 
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(4.) i log 1 1 3 = 0.41 06157 4. log 98732 = 0.7 134940 

i log 8563 = 1.3108753 ^ log 3462 = 0.8848418 

^ log 562= 1.3748681 



?:5lSL1 }»»"-' 



^•5983358 



1.4980233 

log 31479 = .4980209 

24 = Diff. 

i38=Tab. diff. 

24 

—-- = .17 .-.Required value =3 1.47917 Ans. 
135 
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(3O tan 39° 21 '= .8199487 1 

(Tab. diff. := 4867) X ^„^ 3731 j *^** 

.-. tan 39" 21' 46"= .8203218 An*. 

(4-) cot 76- 53= .2330139 1 

(Tab. diff. = 3066) X ^ = 408 f '"*^*^*^^ 






.-.cot 76*' 53' 8"= .2329731 Aju. 
(5O 8in 86* 3'= .9976245 ") 



(Tab. diff. = 200) x ^, = 57 [ 



17 _ Vadd 



.-. sin 86" 3' 17"= .9976302 Ans, 

(6.) co8 57"»32'= .53680891 

(Tab. diff = 2454) X g= 147, |»"^^«<=t 

.-. COfl57" 32' 36'= .5366617 v^n«. 
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(3.) Giren tan = 1.563x4.17 

tan 57" 23 = 1.5626549 

5g68^Difi: 

iooi4=Xab.diff. 

<S68 X 60" 

1__ — = 35" .-. Required a^fl^^ 57- 23' 35' 4»#. 
J0014 

(4) GivcR cot =.4763215 

cot 64* 32' = ,4762616 

599 ■= Diff. 
3569 = Tab. diff. 

^.?i^_2_sio".-. Required angle = 64* 32'- 10" = 64-31' 50- ^iw. 

(5. ) Given sec = i . 8 34567 2 

•ec 56*58' a 1.8344354 

i3i8«Diff. 
82ii=Tab. diff. 

-*i^ = 9 . •. Required angle = 56" 58^ 9' An9. 



(6.) otaec 27* 56' = 2.1347270 

Given cOMc = 2. 1 346521 

749 =5 Diff. 
1 1 701= Tab. diff. 

l^iJL^l « 4" . •. Re,|uired »ugle = 27' 56' + 4" = 27" 56' 4' Jna. 
1 1701 



Pkigt6%. 

(3.) log tan 4»' 47' * 9-9^36> J ^ 

^26- „ I add 

(laU dJC = >S34> ^ = '098 J 

•\ log tan 42* 47 * ^^ - 9 9^4T a » Ai*. 
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(4.) log cot 73° 21' = 9.4757633 1 



(Tab. diff. = 4600) X ^, = 537) 



subtract 



•. log cot 73° 2 r 7" = 9.4757096 Ans. 
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(3.) Given log cos = 9.8732415 

log cos 41" 4' = 9.8732227 

188 = Diff. 
1 1 25 = Tab. diff. 

188 X 60" 

— = 10" .-. Required angle =41° 41' - 10" = 41 ° 40' 50" Ans. 



(4.) Given log tan = 9.7963423 

log tan 32° i' = 9.7960703 

2720 = Diff. 
2810 = Tab. diff. 

2720 X 60" 

-g =58" .-. Required angle = 32" i' 58" Ans. 
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SOLUTIONS 



OF TBB 



NEW QUESTIONS IN THE FOURTH EDITION OF 
THE MANUAL OF TRIGONOMETRY. 



Pctgea 5, 6. 

(i.) Since 60*^= 60 x 60 x 60 seconds, and arc = ra- 
dius subtends angle at centre = 206265 seconds, we htkve 
circular measure of 

60 X 60 X 60 216000 



60° = 



206265 206265 

= 1.047 19. '^'*^- 



(2.) Here circular measure of 



^Q 18 X 60 X 60 64800 

18= = — — ' 

206265 206265 I 

= .31416. Ans, \ 



(3.) Here 

^ = 1 of 206265'' = .i^79i ^ i54698".75 

4 

= 42^58' 18". 75. Ana. 

(4.) Here L =.256 x 206265" ~ 528o3".84o 

= 14° 40' 3". 84. Ans. 
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(k.) The angular unit has been shown to contain 
200265", ^^^ 

206265" = 57° 17' 45". Ans, 
45x60x60 162000 



(6.) 



206265 206265 

= .78539. -4W5. 



Po^e 16. 

(I.) cos A = -^(i - sin' A) = V { I - (.42)*) 
= V(i-.i764) = V(.8236) 
= .907. Ans, 



(2.) cosA = 



V(i + tan* A; 
I I 



V(i + .7*) Vi-49 

1.49 1.49 

3 

^ ^ . . tan A 2 

(3,) sin A = 



V(i + tan* A) 



31/13 



v/(4+9) V13 13 

3.6055 10.8165 - . 

^ ^3 13 

f2 
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V{(i-cos* A)} 



(4.) tan A = 



cos A 



j\-m 



1/(81-25) 

9 

V56 7.483 



5 S 



= 1 .496. iin^. 



4/(2 versinA - versin'^ A) 

(5.) tan A = y-^ r-T 

^■^ ^ I - versin A 

_ y I 20 \ao/) 
i-i- 

^ 1/(120-9) ^ ^III ^ 10.535 
20-3 17 17 

= .620 nearly* Ans. 



(6.) sin A = 



V^(i + tan^A) 
.6 .6 



V{i + (.6)^} V1.36 

.6 X ^^'3^ '^ ^ 1. 1662 

1.3^6 1.36 

.69972 



1.36 



= .514. Ans. 
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(7-) sinA = -!l-^ — — i 

sec A 



ViUo 



^ " 1 



V(S^9- 400) 



23 23 

20 

\/i29 11.357 
- -^ = -^j- = .494 nearly. ^«*. 

(8.) cotA=:?^li^?J^ 

sin A 

= ^/{'- 07)^1 ^ \/(i -49) 
•7 .7 

_v^5i^.7H ,^^ . 
— = 1.02. Ans, 

•7 -7 



(9) sinA = 



1/(1+ tan* A) 
_ 20 20^^401 

V'(l + 20*) 401 

20 X 20.02496 
= — = .998. Ane, 

(10.) sec A = -^ i 

cot A 

^ \/(^ + 5') ^ \/^ ^ 5'Q99 
5 5 5 

= 1.019. Ans» 
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4/ ( 2 versin A - versin' A { 

(II.) tanA^'^-^ ^-T — ~ 

^ ^ 1 - versin A 



Jhr(il 



211 _ V(^8-0 



9 



(12.) siiiA= V(i -cos' A) 

= ^ { I ~ (i - rersin A)'^ } 
= V^ (2 versin A - versin' A) 

=1^7=!:^ =..661. ^«*. 



Page 70. 

(i.) Here (see Fig., p. 69, Manual), 

BC = AB tan CAB = 125 tan 52° 54' 
.-. logBC = log 125 + log tan 52° 34' - 10 

log 125 = 2,0969100 
log tan $2^ 34' - 10 = 0.1 160662 
.*. logBC = 2.2129762 
/. BC = 163.296 
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and CE = BC + BE = 163.296 + 5.5 
= 1 68.796 ft. Ans. 

(2.) Here (Fig., p. 69, Manual), 

BC = AB tan CAB = 42 tan 49° 28' 

/. logBC = log 42 + log tan 49° 28' - 10 

log 42= 1.6232493 
log tan 49^ 28' - 10 = 0.0679895 

.•• logBC= 1.6912388 
.'. BC =49.117 
and CE = BC + BE = 49.1 17 + 5 
= 54* 1 17 ft. An&, 



Page 71. 

(i.) Here (Fig., p. 70, Manual) we have to find 
FC + BE. Now BE = 4.5 ft., B = 58° 14', A = 36° 42', 
and .*. B - A = 21** 32', and AB = 156 ft.; hence, 

^^ . ^ sin A sin B 

FC = AB X -^— -r 

sin (B - A) 

, sin 36'' 42'.8in58*' 14' 

= I c6 X — ^ — r- — o ' 

^ sin 2 1® 32 

.-. log FC = log 156 + log sin 36° 42' 
+ log sin 58° 14' - (log sin 21° 32' + 10) 
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log 156 = 2.193 1 246 \ 

log sin 36° 42' = 9.7764289 > add 
log sin 58° 14' = 9.9295207 ) 

21.89907421^ 
10 + log sm2i° 32 = 19.5647163 J 

.•.logFC = 2.3343579 

.*. FC = 215.952 

andFC + BE = 215.952 + 4.5 «= 2,20452 ft. Ans. 

(2.) Here (Fig., p. 70, Manual) we are to find FC. 

Now A = 28° 30', B - 52°, and .•. B - A = 23° 30', and 
AB = 900 ft. 

^r^ AT» sin A sin B 

FC = AB X -7-7=^ — r-. 

8in(B- A) 

sin 28** 30'. sin C2*^ 

= 900 X ^-^-5 — -^- 

sm23°30' 

.-. log FC = log 900 + log sin 28° 30' 

+ log sin 52° - (log Bin 23° 30' + 10) 

log 900 = 2.9542425 \ 
log sin 28° 30' = 9.6786629 > add 
log sin 52° = 9*8965321 ) 

22.C29437S-I 
log sm 23° 30' + 10 = 19.6006997 J "**'' 

.-. log FC= 2.9287378 

.-. FC = 848.668 ft. Ans. 
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Page 72. 

r 

(i.) Here (Fig., p. 71, Manual), 

AB s ^ of a mile = 1 320 ft. 

A = i6*» 28', B = 52° 14' (and .-. B - A = 35° 46') 

E = 48° 38^ and CD (the height of castle), and 
DF (its elevation above the sea), are required. 

Now (page 70, Manual), 

8in(B-A) ^ ^ 

^T> AT> sinAcosB 
FB = AB X 



sin (B - A) 
Also (p. 71, Manual), 

DF = FB . tan E, and 

^_ ^ -^ sin A cos B tan E . . 

.•.DP=ABx — . ..p ,. (2) 

sin (B - A) ^ 

From (i) and (2) we have — 

log FC = log AB + log sin A + log sin B 

- {logsin(B-A)+io} (3) 

log DF = log AB + log sin A + log cos B 

+ log tanE - {log sin (B - A) + 20) (4) 

.% by substitution (3) and (4) become 

log FC = log 1320 + log sin 16° 28' 

+ log sin 52° 14' - (log sin 3 5° 46' + 10), 

and log DF » log 1320 + log sin 16^ 28^ 

+ log cos 52° 14' + log tan 48^ 38' 



80 A KET TO THE 

- (log Bin 35° 46' 4- 20) 

log 1320 = 3.1205739 \ 
log sin 16° 28' « 9-4524879 > add 
log sin 52® 14' = 9.8979082 ) 

log Bin 35« 46' + 10 = i9!766?7S } ^^^^''''^ 

.'. log FC = 2.7041961 

.•. FC = 5o6.o53jft. 

log 1320 = 3.1205739 \ 

log Bin i6«^ 28' = 945^4879 ( add 
log cos 52® 14' = 9.7870687 ( 
log tan 48° 38' « 10.0552286/ 

I . o .:. 32415359a subtract 

log sm 35** 46 + 20 = 29.7667739 / 

.'. log DF = 2.6485852 
.'. DF « 445.23 ft, the required height above the sea. 
Hence, 

height of castle = FC - DF = 506.05 

- 445.23 = 60.82 ft. Ans. 

(2.) By (3) and (4) of last question, we have — 
log FC - log AB + log sin A + log sin B 

- {log sin (B - A) + 10) and 
log DF = log AB + log sin A + log cos B 

- {log sin (B - A) + 20} 

or, by substitution, 

log FC = log 54 + log sin 3 1° 30' 
+ log sin 48° - (log sin 16° 30' + 10) 
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and log DF = log 54 + log sin 3 1° 30' 

+ log 00348° + log tan 36° 30' 

- {log sin 16° 30' + 2o|. 

log 54 =1.7323938 I 
log sin 31*^ 30' = 9.7 1 8085 1 ? add 
log sin 48° o' = 9.8710735 ) 

1 • ro / ^ ^ o ?• subtract 

log sm 16° 30' + 10 = 19.4533+18 J =*"""«*' 

.-. logFC= 1.8682106 
.•• FC = 73.826 ft 

log 54= 1.7323938) 
log sin3i° 30' = 9.7180851 f ,, 

log cos 48° o' = 9.8255109 i 
log tan 36° 30' = 9.8692089 J 

31-14519871 subtract 
log sin 16° 30' + 20 = 29.4533418 / ^^^^^^^ 

.'. log DF= 1.6918569 
and DF = 49. 1 87 ft « height above the ground ; 
and FC - DF = 73.826 - 49.187 

= 24.639 ft. = height of window. 
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(i.) Here A = 30 feet, d= 1 5° 40', d^ = 10®; and it is 
required to find FC (the distance of the object), and 
AF + h (the height of the house). 

-r^^ y cose? cose?' 
Now FC = A X - 

sin {a - a) 
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COS I c'^ 4.0'. COS 10 
^ sm 5° 40' 

, . ^ cos ic° 40' sin 10° 

and AF = 30 X ?— ~ — ; 

sin 5" 40 

.-. log FC = log 30 + log cos 15° 40' + log cos 10° 

- (log sin 5° 40' +10); 

and log AF = log 30 + log cos 15° 40' + log sin 10° 

- (log sin 5° 40' + 10) 

loff 30 = 1.4771213 \ 
log cos 15 40' s= 9.9835582 > add 
log cos 10° = 9.9933515 ) 

21.4540310] btract 
log sin 5° 40' + 10 = 18.9944968 ) 

.-. log FC = 2.4595342 

.'. FC = 288.094 feet = distance of object. 

log 30 = 1.4771213 I 
log cos 15° 40' = 9.9835582 ; add 
log sin 10° = 9.2396702 ) 

20,7003497] g„V,__, 

log sin 5° 40' H- 10 = 18.9944968 j 8^°"^'*^^ 

.-. log AF = 1.7058529 

.-. AF = 50.7987 

.'. AF + A = 50.7987 + 30 = 80.7987 feet 

= lieia:ht of house. 



'O' 



(2.) Here A » 68 feet, 

d= i6°28', d'= 14021' 
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and .-. d-d! ^2'' f. 

Now FC (distance required) 

cose?. cose? ,„ cos i6° 28'.co8 14.° 2l' 
sin {a - d) sm 2 7 

.-. log FC = log 68 + log cos 16° 28' 

+ log cos 14° 21' - (log sin 2° 7' + 10) 

log 68= 1.8325089 \ 
log cos 16° 28' = 9.9818117 > add 
log cos 14° 21' = 9.9862340 ) 



7'=i8:|6?43to}''^^*''^* 



10 + log sin 2^ 

.-. log FC = 3.2331236 
.*. FC = 1 7 10.4 feet = 570.1 yards. Ans. 
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(i.) Let (Fig., p. 73, Manual) C be the windmill, 
A the station whose distance is required, and B the 
flagstaff; then AB = 356 yards, zCAB = 53° 4, ziCBA 
= 49° lo' (and .\ ZACB = 180° - 53° 4' - 49° lo' 
= 77° 46'), and it is required to find AC. 

^, AC sinCBA sin 49° 10' 
AB sin ACB sin 7 7° 46' 

. ^ , sin 49° 10' 

.-. AC = 356 X . Zlo fj 
-^ sm 77 46 

.-. log AC = log 356 + log sin 49® 10' - log sin 77° 46' 
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log 356 = 2.5514500 I ,, 
log Bm"49° 10' = 9.8788748 ] ^^ 

12.4303248 I g^ut-act 
log sin 77*> 46' = 9.9900247 j s'l^^*^* 

.-.log AC = 24403001 
.% AC = 275,613 yards. Ans. 

(2.) Let (Fig., p. 73i Manual) A be the picket, C 
the Redan, and B the second station ; then AB = 200 
paces, Z. CAB = 90**, and Z ABC = 67° 23'. Now from 
A ACB right-angled at A we have AC = AB tan ABC 
= 200 tan 67° 23'. 

.*. log AC = log 200 + log tan 67° 23' - 10 

= 2.3010300 + 0.3802795 = 2.6813095. 

.*. AC = 480.075 paces. Ana. 

(i bis.) Here (Fig., p. 74, Manual) b (= AC) = 300 
yards, a (= BC) = 450 yards, and Z.C = 58° 20' 30" 

.-. i (A + B) 

« c8° 20' ^o" 
= 90° - > ^ = 90^ - 29° 10' 1 5" 

z 

= 60^ 49' 45". 

Now ^^ i(^"^^ = g-^ ^ 450 - 300 
' tan ^ (A + B) a + ft 450 + 300 

« '50 I _ 

.'. tan |(A - B) =.2 X tan 60° 49' 45" 
.-. log tan i (A - B) ss log .2 + log tan 60® 49' 45" 



Again, 



MANUAL OF PLANE TBIGONOMETRT. 85 

log .2= T.3OIO3OO] ,, 

log tan 60° 49' 45" = ia253i998 ) 
.-. log tan ^ (A - B) = 9.5542298 

.•.|(A-B)=i9®42'43'' 
but I (A + B) = 60° 49' 45'^ 

.-. A = 80° 32' 28" 
and B = 41° 7' 2". 
c sinC 



b sinB 



_^ sin C __ 300 X sin 58° 20' 30" 
sm B sm 41° 7' 2" 

.*. log c (or AB) = log 300 

+ log sin 58° 20' 30'' - log sin 41° 7' 2 ' 

log 300 = 2.4771213 I ,, 
log sin 58^ 20' 30'' = 9.9300280 ) 

12.4071493 I .„btrRct 
log sin 41° Y 2" = 9.8179629 ) s^^^act 

.*. log AB = 2.5891864 

.*. AB = 388.317 yards. Ans, 



Page 75. 

(I.) Here a = 3 miles 88 yards = 5368 yards, 

J = 2 miles 560 yards = 4080 yards, 
and C = 54*' 32' 40". 
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Now cos = --r-^ — W 

ft + 

and c = (a + ft) sin 0. (^) 

From (a) and (/3), by taking logarithms, we have, 
log cos = log 2 + log cos i C + i (loga + logb) 

- log (o + h), (7) 

and logc =* log (a + ft) + log sin - 10. {8) 

To compute (7), we proceed thus — 

log a = log 5368 = 3.7298525 I ^^^ 
log ft = log 4080 = 3.6106602 ) 

2)7-3404727 

.-. i (log a + log ft) = 3.6702363 I 

log 2 =0.3010300 > add 
logco8iC = logcos27*'i6'2o" = 9.9488233 ) 

13.9200896 ) g^btj.g^^^ 
log (a + ft) = log 9448 = 3-9753399 ) 

.-. log cos = 9.9447497 

.•.0 = 28° 17' 32". 

Again, to compute c, the required distance, 

log (a + ft) = log 9448 = 3-9753399 ) add 
log sin = log sin 28° 1/ 32'' = 9.6757496 j 

13.6510895 
10. 



.*. log c= 3.6510895 
.-. c = 4478.05 yards = 2 miles 958.05 yards. Ans. 
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Po^ 76L 

(i.) la the AACB (Fig., Pr76, Manual) we have 
given AB = looo yards, Z.BAC «= 76® 30', zABC 
= 46° c', and .-. L ACB = 180° - 76** 30^ - 46° 5' = 180° 

- 122*^ 35'= 57° 25'; to find AC. 

^, AC sin ABC ^^ ^„ sin ABC 

j\OW r e: — ^ -,— — ,\ AC « AB . r=~ 

AB sin ACB sin ACB 

sin 46° 5' Ar» 1 

= iooo X •* — Q T . ^v log AC 55 log 1000 
sm 57° 25' ° ^ 

+ log sin 46° 5' •* log sin 57® 25'. 

log 1000 aa 3;0000000 ) , , 

log sin 46^ s' = 9-857543^ i 

12.8575432 I g„U,_„, 

log sin 57« 25' = 9.9256261 j subtract 
.•. log AC = 2.9319171 
.*. AC = 854.903. 

Again, in the A ABD we have AB = 1000 yards, 
L BAD = 44^ 10; ABD r= 81° 12', and .-. l ADB = 180° 

- 44*^ 10' - 81*' 12' « 180° - 125° 22' = 54*^ 38'; to 
find AD. 

AD sin ABD _ sin ABD 

AB '"sinADB** sSTdB 

sin 81® 12' 

= 1000 X -: 5—37 

sm 54^ 38 
.-. log AD = log 1000 + log sin 81® 12' - log sin 54® 38' 

G 
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log looo = 3.0000000 ) , , 
log sin 81° !»' = 9«9948j73 ) 

12.994^573 ) g^r..__. 

log sin 54*» 38' «= 9.9114051 ) 8^*>*"^^ 

/.log AD = 3.0834522 
.'. AD= 121 1.86 

Lastly, in the A CAD we have the two sides AC 
=^ 8549, and AD = 121 1.86, and the contained z CAD 
= CAB - BAD = 76® 30' - 44** 10' = 32** 20'; to find CD. 

By the formulae, page 75, Manual, we have — 

^ 2 cos 4 CAD ^(AC X AD) 

^^^* acTad 

2 cos i6^ lo^ V(A.C X AD) 
~ 854.9 + 1 21 1.86 • 

1 cos 16Q 10^ \/(AC X AD) 
"" 2066.76 

and CD = (AC + AD) sin = 2066.76 sin 0; 

hence log cos = log 2 + log cos 16° 10' + ^ 

(log AC + log AD) - log 2066.76 

log AC = 2.9319171 ),, 

iogAD = 3,0834522 r^^ 

2)6.0153693 

3.0076846 \ 
log 2 = 0.3010300 > add 
log cos 16° 10' = 9.9824774 ) 

13.291 1920 1 u, , 
log 2066.76 = 3.3152900 ) 

.'. log cos = 9.9759020 



MANUAL OF PLAK£ TRIOONOMETRT . 89 

.-.0=18^ 54' 39". 
Also, log CD = log 2066.76 + log sin - 10 
= log 2066.76 + log sin 18° 54' 39" - 10 
= 3.3152900 + 9.5106740 - 10 = 2.8259640 
.". CD = 669.83 yards. Ana. 



(2.) Let C and D be the two Hedans (Fig., p. 76, 
Manual), and AB the base line, then z. BAC =118^ 20', 
L BAD = 46° 14', and .-. Z CAD = 1 18° 20^ - 46*^ 14, 
= 72^ 6\ z. ABD = 88° 48^ i ABC = 33° 12', .-. z ACB 
= 180° - 118° 20'- 33° 12'^ 180° - 151° 32'= 28° 28' 
and ziADB = 180° - 88°. 48' ^ 46° 14' = 180° - 135° 2' 

= 44" 58'. 

^^ AC sin ABC ^^ ,_, sin ABC 

N^^ TB = ■ Ann ''' AC - AB . . . ^^ 
AB sm ACB sm ACB 

sin 33° 12' 
= ^"^ "" sin 28° 28' 

.-. log AC = log 500 + log sin 33° 12' - log sin 28° 28' 

log 500 = 2.6989700 ) ^^^ 
log sin 33° 12' i 9.7384343 ) 

12.4374043 ] .„b tract 
log sin 28° 28' = 9.6781972 I subtract 

.-. log AC = 2.7592071 

.*. AC = 574-39- 

* . .T. .r. sinABD sin 88^48' 

Again, AD = AB. . .^^ = 500 x -: ^ 

smADB sin 44 58 

.-. log AD = log 500 + log sin 88° 48' - log sin 44° 58' 

G 2 
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log COO = 2.6989700 1 ,, 
log sin 88° 48' = 9.9999047 ) 

1 • o «, "-^^^'t' 1 subtract 
log sin 44° 58' = 9.8492322 j 

.*. log AD = 2.8496425 

.*. AD = 707.36. 

Lastly, from A CAD, by the formulse of page 75, 
Manual, we have — 

^ 2 cos i CAD J (AC X AD) 

^^= — acTad 

_ 2 COS 36^ y V(AC X AD) 
574-39 + 707-36 

2 cos 36^ y \/(AC X AD ) 
1281.75 

and CD = (AB + AD) sin ; 

.-. log cos = log 2 + log cos 36° s+i (log AC + log AD) 

- log 1281.75 

logAC = 2.7592071^ ,, 
logAD = 2.8496425) *^^ 

2)5.6088496 

2.8044248 I 
log 2 = 0.3010300 > add 
log cos 36° 3' = 9.9076820 ; 

log .281.75 = 3:!o78o34 J '^^*'*"* 
.-. log cos = 9.9053334 
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hence log CD = log (AC + AD) + log sin - 10 
= log 1281.75 + log sin 36** 28' 20'' - 10 
= 3.1078034 + 9.7741029 - 10 = 2.8819063 
.'. CD :s= 761.91 yards. Ans. 



Page 78. 

(i.) Here L BAE = BDC = 22© lo', z ABE = ADC 
= 21^, and AB » 4 miles; hence, 



tin A£8 sin (ABE + BAE) 

Bito2t^ ,__ ._ sin BAE 



sin 43° i& Bin (ABE + BAE) 

sin 22° 10' 
^ sm 43° 10' 

.•. log AE = log 4 + log sin 2 1® - log sin 43® 10' 
and log BE = log 4 + log sin 22° 10' - log sin 43° 10' 

log 4 =s o.6oto6oo 1 , , 
log sin 21° = 9.5543292 J * 

10.1563892 1, 
log sin 43^ 10' =^9^8351341 / ^^^'"^^^^ 

.*. log AE = 0.32 1 255 1 
.'. AE « 2.0953 miles. 
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log 4 = 0.6020600 T ^^ 
log sin 22** 10' = 9.5766892 / 

10.1787492 1 ^l^^^^t 
log 8m 43° 10' «= 9.835 1 341 J 

.-. log BE = 0.3436151 

.*. BE = 2.206 miles. 

Again, in A ABC we have 

AB = 4 miles, BC = 3, and CA = 5. 

Now CA'* = 5» = 25 = 4* + 3» = AB* + BC^ .-. the 
I. CBA = 90°; hence CB = CA sin CAB, 

.-. log sin CAB = log CB - log CA + 10 

= log 3 - log 5 + 10 = .4771213 - .6989700 + 10 

=s 9.7781513 .-. Z.CAB = 36° 52' ii'\ 

.', z: ACB = 90° - 36^ 52' 1 1" = ^f f 49" ; 

hence the L EAC = CAB - BAE = 36° 52' 11"* 

-22° 10' = 14^42' 11". 

Hence in A ACE we have Z. EAC = 14° 42' 1 1" (and 
.-. AEC + ACE = 1800 - 14° 42' 1 1" = 165° 17' 49'0. 

AC =s 5 miles and AE = 2.0953 miles. 

AC-AE ^ tan |(AEC -- ACE) 
^^ AC + AE '^ tan I (AEC + ACE) 

2.9047 _ tan ^ (AEC - ACE) 
**'^^''' 7.0953" tan 82° 38' 54'' 

.-. log tan ^ (AEC - ACE) = log tan 82° 38' 54" 
+ log 2.9047 - log 7.0953. 
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log tan 82« 38' 54" « ia8893444 T , , 
log 2.9047 « 0.4631013/ 

" -3524457 l-ubtnict 
log 7.0953 = 0.8509708 J '^^^^^^^ 

log tan ^(A£C- AC£)» 10.5014749 

.-. i (AEC - ACE) = 72° 30' 27", 

but i (AEC + ACE) = 82° 38' 54'', . 

.-. /.AEC= 155*^9' 21'' 

and z ACE =10^ 8' 27''. 

Hence, 

L BCE = ACB - ACE = 53^ 7', 49'' - 10° 8' 27" 

= 42^ 59' 22". 

In the A' ADC and BCD we now have 

AC = 5 miles, £ ACD = 10° 8' 27", z ADC = 21° 

ZBDC = 22® 10^ /.BCD = 42° 59' 22", 

and BC = 3 miles. 

Hence, 

. ^ A n sin ACD sin 10° 8' 27" 

AD = AC . ^— p=— = 5 X : .^-L 

smADC * sm 21° 

rn - Ar sin (ACD + ADC) sin 31° 8' 27'' 

JiLI =» ISO • -: — pT\A = 3 ^ — :: o — ; — 

smBDC sm 22° 10' 
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log 5 .« 0.6989700 \ .. 
log sin 10° 8' 27" « 9.2456810/ ^^ 

9.94465101 1^, . 

log sin 21^ « 9.5543*9? J 

.*, log AD ■= a39032i8 

.'. AD s 2.4565 miles. 

log 5 = 0.6989700 1 , , 
log sin 31® 8' 27" = 9.7 1 361 10 / * • 

1 • o ' f .^--^^ \ subtract 
log sin 21° = 9.5543292 / 

.-.log CD = 0.8582518 

.'. CD = 7.2153 miles, 

Iog3 = o.477i2i3l ^^ 
log sin 42° 59' 22" = 9.8336975 J 



log sin 22** 10 



= 9.5766892 J 



.'. logBD = 0.7341296 
.'. BD = 5.42 16 miles. 



Page 79. 

(i.) Here a = BC = 1300 feet, 6 ^ AC * 750 feet, and 
c = AB as AC + BC = 750 + 1300 = .2050 feet. 

NowA«= .^ 

a cot«A - c cot* C 4- ft cot* B' 
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and we may compute the denominator of this fraction 
as follows: — 

log a cot*A = log a -f 2 log cot A - 20 in common (not 

tabular) Iqgarithms. 

log cot A B log cot 50° 2<y = 9.9186769 

2 



19-8373538 
log a = log 1300 = 31 ^39434 

22.9512972 

20 

- 

.'. log a cot'A = 2.95 12972 
.-. a cot' A = 893.927 

log cot « log cot 58® 14 « 9.7918458 

2 



19.5836916 
log c « log 2050 « 3*3^17539 

22.8954455 

20 



.*. logc cot*C = 2.8954455 
.'. ccot*C = 786.041 

log cot B = log cot 49® 25' = 9.9327777 

2 



19.8655554 

log 6 «= log 750 a= 2.875061 3 

■ ■■■■■■■■ I ■ I ■ 

22.7406167 
20 



.'. log b cot'B = 2.7406167 
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/. (cot'B- 550.311 



Hence, 



acot«A = 893.927] ,, 



550'3^J i 

1444.248 ] -^w._, 
ccot«C= 786.041 j 8^^^^^^^ 

658.207 

^^ _ '3^^ ^ 750 X 2050 
" 658.207 ~ 658.207 

.-. 2 log A = log 1300 + log 750 + log 2050 

- log 658.207 

log 1300 = 3.1139434 I 
log 750 a 2.8750613 ) add 
log 2050 = 3.3117539 ) 

I /;.« ?-r«'l!^ 1 subtract 

log 658.207 = 2.8183625 J 

2)6.4823961 



.'. log^ = 3.2411980 
.*. A = 1 742.6 feet Ans. 



Pages 82 to 88 (both inclusive). 

(i.) Here, since 10' is very small, the height of the 
man (6 feet) may be considered as the arc of a circle 
with radius = distance of man ; hence, since arc = radius 
subtends at centre an z. = 206265'', we have the follow- 
ing proportion: — 
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(lo' =) 600'': 206265'^ : : 6 feet : d (distance of man), 

, 20626c X 6 20626c , ^ - 

.*. a = 7-^ = = 2o62«oc feet Ans, 

600 100 '^ 



(2.) Here, as in the last question, we find tbe distance 
d by the following proportion : — 

(12' « ) 720'': 206265" : : 5 feet : d, 

, 20626c X c 20626c 

/. d= — ' = = 1432.39 feet Ans. 

720 144 ^^ ^^ 

* 

(3-) (4' =) 240" : 206265" : : 8 feet : d, 

.•.d=!26!^iiL«=?5^ = 6875.5 feet 

240 30 ''^ ' 

» 1.3 mile. Ans* 



(4.) (Fig., p. 72, Manual.) 

Let C be the ship's place, A the summit of the cliff 
AF, and AB = 24 feet, the flagstaff, then l BFC = 90^ 
BCA = 38', and ACF = 14°; hence, from the two right- 
angled A- ACF, BCF (where AF = A, and CF = d), 
we have — 

A = dtan 14^ (i) 

A + 24 = d tan 14° 38' (2) 

Dividing (2) by (i) we have — 

24 ^ tan 14° 38' 
A " tan 14° 
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log tan H^ 3B^ - 9.4168099 1 ^^^^^^ 
log tan 14° = 9.396771 1 J 

.-. log ( I + Y ) = 0.0200388 

24 24 

..I + -r^ = 1.047222 ••. -^ = .047222 

.047222 47222 •* 

Also by ( I), 

cf = ?, .'. log rf = log A - log tan 14® + 10 

tan 14° ^ ® ® ^ 

10 + log A » 10 + log S08.2 = 12.7060347 ) g^^^^^^ 

log tan 14® = 9-3907711 j 

.'. log d ^ 3.3092636 
and .*. d ^ 2038.2 feet 

(5.) (Fig., p. 70, Manual.) 

Let C be the top of the mountain, D£ the horizontal 
linp through the base of the mountain, BE the pillar 
« 220 feet, BF = d, and CF = h\ then Z.BCE ^ 1° 12', 
and CBF« 12^20'. 

Also, let CF meet DE in G, then Z.CEG = CHG 
+ BCE = 12*" 20' + 1° 12' = 13'' 32'; hence CG = EG 
tan CEG, and 

CF = BF tan CBF, that is, 
A + 220 = d tan 13° 32' (1) 

A = dtani2°2o' (2) 

Dividing (i) by (2), we have — 

220 tan 13° 32' 



I + 



h " tan 12^ 20' 
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log tan 13° 32' = 9.381465s j ^ 
log tan 11^ zo s= 9*3397391 j 



.-. log f I + -jT- ) = 0.0417264 



220 220 o 

.-. I + -7- = 1.10084555 ,•. — - « .10084555 

4/220 22000000000 « - 

.*. ^ = — ^--r = 5 = 2181.5 feet, 

.10084555 10084555 

the height of the moxLntain above the top of the pillar. 
Again by (2), 

d = 5 — ■ .'. log d=^log h-k- 10 -log tan 12® 20' 

tan 12° 20' ° ^ ° 

10 + log A= 10 + log 2181.5 = 13.3387552 I subtract 
log tan 12° 20 = 9.3397391 ) 

.•. log d- 3.9990161 

.'. d = 9977.4 feet. 

(6.) Here obviously (since 248 yards = 744 feet) 
height required = 744 sin 34° 1 5' = 744 x . 5628049 

= 418.7268456 feet. Ans. 

(7.) Here distance required = 490 cot 13° 49' = c?, 
.-. log d = log 490° + log cot 1 3° 49' - 10 

log 490 = 2.6901961 ]^^^ 
log cot 13° 49' - 10 = 0.6091849 j 

.'. log d= 3.2993810 
.'. d = 1992.42 feet. Ans. 
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(8.) Let CE (Fig., p. 69, Manual) be the pillar, DE 
the horizontal distance required = d, and AD = 5 feet, 
the spectator; then if AB be drawn parallel to DE, we 
have Z.CAEt=45® by hypothesis; also CB = 55 feet, 
BE = 5 feet, and CE = 60 feet, hence 

AC* = AB« + CB« = (i« + 55* = d'^ 3025 

AE« = AB« + BE« = d» + s' = ^ + 25. 
Now CE» = AC* + AE* - 2 AC . AE cos C AE, that is , 
60^ = 3600 = 2d* + 3050 - 2 v^ {(d* + 3025) {d^ + 25)} 

X cos 45% 
.'. 550 = 2(? - \/{2((f + 3025) (er + 25)}, since cos 45° 

and 2 X — T— = \/ 2 ; 



.*. zd^- 550 = yj \z(d^ + 3025) (cP + 25)} 

.'. 4^*- 2200 d^ + 302500 = 2(c?*+ 3050 <^+ 75625) 

= 2d* + 6ioo d* + 1 5 1200 

/. d*-4i5o d^ =- 75650 

/. d" = 2075 ± 1/(2075- ~ 75650) 

= 2075 ± 1/(4305625 - 75650) 

= 2075 ± \/ (4229975) = 2075 ± 2056.69; 

.*. d* = 4131.69 (or 18.31, which, it is easy to see, must 
be rejected), 

. *. d = \/ (4 1 3 1 ,69) = 64.27 feet. Ans, 
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(9.) 2)10600 

5300 

Extract 
sq. root. 



15900 (126 miles. Ans. 
'44 



246) 1500 
H76 

^4 

(10.) 2)210 

105 



315 (i 7.748 miles (statute). 
I 



27)215 
189 



347)2600 
2429 



3544)17100 
14176 



35488)292400 
283904 

Since a statute mile contains 5280 feet, and a nau- 
tical mile 6076 feet, we have — 

6076 : 5280 : : 17.748 miles : x (the answer); 

6076 6076 

(11.) 2)600 

300 

.*. V(9^^) "^3^ miles. Ans, 
(12.) Here dip = 1/(80) = 8'.94. Ans, 
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(13.) Let ^ represent the dip expressed in minutes, 
and d the distance of the sea horizon in miles; 
then« since the radios of Earth » 3956 miles, and 
an arc *= radios subtends at centre an L of 206265" 

= — -z — ' minotes, we have for circular measure of d the 
60 

expression 7, and if we multiply this by — 7 — ^, we 

obtain 3 in minutes, that ii 



d 206265 



3956 60 

..d^^^ 7956^^^12x3956^, ^4x3956^, 
206265 41253 13751 

IC824 
= -^ — - X 5 = I.I C07 X h. Ana. 

(14.) Since atmospheric refraction is neglected, we 
have dip in minutes = 1.06 y/{h) = 1.06 v/(i2i7o) 
= 1.06 X 110.317 = 116^93602 r= 1° ^y, very nearly; 
hence, by answer to preceding question — 

Distance in miles « 1.15X 117 s 134.55, or ^35 ^^^'^ 
nearly. 

(15.) (Fig., p. 70, Manual.) Let CF represent the 
house, AB » 50 feet, the measured base, then JL CBF 
= 36° 14'. zCAF = 25° 10'; also let CF » A, and BF 

From the right-angled A* CBF, CAF we have 

CF « BF ton CBF, or A = rf ten 36° 14', (i) 
and 

CF » AF ton CAF, or A « (d + 50) ton 25** 10', (2) 

.\ {d + 50) ton 25° 10' s (/ ton 36® 14 , 
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50 tm 3^ 14' 

log tan 360 14' - 9-86497$5 ) _bt_-t 
log tan z{* t</ » 9.6719628 ) »"'»™« 

.*. log f 1 + ^j =0.1930117 
.: I +^ = 1.5596.-. '^e.5596, aad<f= — 



= ^-«9.5J feet. tl« distance «qui«d. 

Again by (i) we have — 

A = <f tan 36° 14' = 89.35 ^ *«* 3^** 14' 

.-. log A s log 89.35 + log tan 36® 14' - 10 

= 1.9510946 + 9.8649755 - 10 = 1.8160701 

.\h=^ 65-474 ^<Bet, the height required. 

(16.) Let the iC AGO = 0, and .-. BCO = 180° - 0. 

,-. Bin A CO 

Hence, -: — = — - 

sin a AG 

BJnB CO 
sin/S'^BC 

.-. -: — - -r-s, since AG = BC by the hypothesis, 
sin a sm/9 ^ ''^ ' 

sin A sin a 

or. ~^ — S = ": — 3 (l) 

' sinB sin/3 ^ ' 

H 
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Again, A= i8o** -(0+ a) 

sinA sin (0 -f a) 
" sinB "" sin (0-/3) 

From (i) and (2) we have — 

sin (0 + a) sin a 
sin (0 - /3) sin /3 

sin cos a + cos sin a sin a 
sin cos /3- 00s sin /3 sin/3 

cos a + cot sin a sin a 



(*) 



or. 



or, 



cos/3 - cot0sin/3 sin/S 
.-• cos a sin /3 + cot sin a sin /3 s sin a cos /3 

- cot sin a sin /3 

sin a cos p - cos a sin /3 



.-. 2 cot s= 



sin a sin /3 
sin (o - /3) 



sin a sin /3* 



^fi«. 



(17.) Here half the Z. which the chord joining the 
two entrances (L e. the required distance d) subtends 
at the centre of the O is 34^ 40', but this chord is 
plainly d = 2r sin 34® 40' = 80 x .568801 1 = 45.504088 
feet. Ans. 

(18,) (Fig», p. 78, Manual) 

Let P be the place of the spectator, and A, C, B, 
the three pillars; then AG = CB = 40 feet, z. AFC 
= 31^ lo' = o, and zBPC = 42'' 12' = /3, and it is re- 
quired to find PA » a, PB » ^ and PC = c. Pat 
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L ACP ~ 0» then by tlie result of question i6 we 
. sin (a -/I) on 11** 2' 

2 cot ^ as -; ' SS -^ J— ^ g J 

^ sinasinp sm 31** lo an42^ 12 

.% log cot « log sin 1 1® 2' - logon 31^ 10' 

- log sin 42^ 12' - log 2 + 20 

log sin 31^ ic/ = 9-7' 39349 ) 
log sin 42'' 12' « 9.8271887 I tdd 
log 2 == 0.3010300 ) 

19.8421536 1 Subtract the npper 
log sin I o® 2' + 20 - 29.2 8 1 8967 J from the lower. 

.-.log cot 4»=* 9.4397431 
••• <{> = 74° 36' 36", or 180** - 74° 36' 36" 
= 105*^ 23' 24'', 

which latter value we shall employ in the future inves- 
tigation of this problem. 

Hence the zPAC = 180° - 105® 23' 24" - 31° 10' 

= 43° 26' 36" 

. ^ sin d) sin 74.° %h' 36" 

. •. a = AC . -r-^ = 40 X — ^ o / » 
sm a sm 31 10 

since sin <(> = sin (180° -<{>)= sin 74° 36' 36". 

log 40 = 1.6020600 \ ^^^ 
log sin 74° 36' 36" = 9.9841409 j 

11.58620091 ^^^^^^^ 
log sin 31° 10 = 9-7139349/ 

.-.log a = 1.8722660 

.-. a = 74.518 feet. 
h2 
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Bin a sin 31® 10' 

loff 40 = i.6q2o6oo I , J 
log 9in 43° 26^36" * 9-^373591 1 

IJ-439+J9* ) snbtract 
log Bin 31° 10' = 9-7^9349 1 

.-. logc?= 1.7254842 

.*. c s 53.147 feety iv'liiol^ is the distaxice &om the 
middle pillar. 

h nc ^j£i6' 36" _ smT^36' 36" 

w DV • ' e 7 — ' = 40 X : 5 ;; — 

Bin 42*^ 12' Sin 42° 1 2' 

log 40 s= i.6q2o6oo ) j.^ 
log sin 74° 36' 36" = 9.9841409 } *^^ 

I 1.5862009 1, 

log sin 42° 12'= 9.827 1 887 / 8^^^^^^* 
.'. log h = 1.7590122 
.•. ^ = 57.413 feet. 

(19.) N. B. The angles given in this question are in- 
compatible with the other data of the problem ; they 
should be 19° 27' n", and 16° 7' 12" respectively^ in- 
stead of 25° 38' and 20° 14^ The incorrect values give 
the angle (<(>) between the diagonals, <^ » 72° 32^ 30", 
which is only a few seconds less than the true value 
With consistent data the problem m»y be solved as 
follows: — 

Let ABCD be the rectangular court, £ the middle 
point of BG, and F of CD, the diagonal AC » BD = 75 
feet, £EAC « 19° 27' u" = a, z^FAC = 16° 7' 12" = /3, 
and if AC meet £F in G, and BD in O, and OH be 
perpendicular to AB in the point H, it is plain by 
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geometry that £G ^ GF, itud zEGA = BOA = (the 
angle between l^e diagonals of court), and that OH = | 
of BC, and BH = HA, since BO = OA = J of AC, and 
that L BOH = /. AOH. 

Now in the A £AF, ainoe £F is bis^ted in G, we 
have, by the result of qoesion i6, 

X 8ip(«*:/^) sin 3° 19' 59" 

2 cot <}> « ^^ ^ ^ ^ * sin I9°z7'ii''.8ini6°7'i2" 

.-. log cot <f> <s log sin 3^ 19' 59" + 20 - log 2 

- log sin 19*^ 2f 11" - log sin 16° 7' 12". 

log 2 = 0.3010500 ^ 
log sin 19° 27' 1 1'' = 9.5224890 > add 
log sin 16° f 12" = 9-4434977 ) 

19,2670167 ) Take upper 
log sin 3° 19' 59" + 20 = 28.7644751 j from lower. 

•*. log cot s 9.4974584 
,-. <J> ^ 72° 32' 5a". 

In the A BOH| right-angled at H, We now have — 

BO=^Jof75te37.5feet,ahdzftOH = i<|)=36°i6'26"; 

hence, BH = BO sin BOH = 37.5 sin 36° 16' 26 ", 

and OH = BO cos BOH = 37.5 cos 36° 16' 26'' 

log 37*c «: 1*5740313 \ add, and re- 
log sin 36° 16' 26" = 9.7720618 / ject 10. 

.*. logBH = 1.346093 1 

.-. BH = 22.1866 ••. 2 BH = 44.373! feet, the shorter 

aide of the coutt 
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log 37. c « I-57403I3 1 add, and re- 
log COS 36° 16^ 26' « 9.9064417 / ject 10. 

.'. log OH = 1.4804730 
.'. OH = 30i2324 •'. 2 OH s 60.4648 feet the longer 

side of the court. 

(20.) Let N be the Needles, NW the east and west 
line, A St. Alban's Head, and S the ship's place after 3 
hours' sail ; then, since A3 is due north and south, the 
/.AWN is a right angle; also by the hypothesis the 
L ANW = f of a point, and the Z.WNS = 3 points, and 
AN = 1 8 nautical miles. (N. B. The reader will easily 
draw the figure from the above description). 

Hence, 

AW = AN sin ANW = 18 sin f point 

log 18 a 1.25527 \ add, and re- 
log sin f point = 9. 1 665 2 j ject 1 o. 

.'.log AW = 0.42179 

.-. AW = 2.64 

WN « AN cos ANW = 18 cos f point. 

log 18 = 1.25527 1 add, and re- 
log cos f point » 9.99527 J ject 10. 

•••log WN= 1.25054 

.-. WN= 17.8 

WS = WN tan WNS = WN tan 3 points. 

log WN =s 1.25054 1 add, and re- 
log tan 3 points « 9.82489 / ject 10. 

.•. log WS = 1.07543 
.'. WS = 11.897, or 1 1.9 nearly. 
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SN^ ^ = WN 
006 WNS cos 3 points 

lO + log WN = 1 1-25054 Ig^btMCt. 

log cos 3 points = 9.91984 /»•*""*'*-•- 

.*. log SN =s 1.33070 
.*. SN s 21.414 knots in three hours. 
•*. Bate « 7 knots. 
Also ship's distance fiom St Alban's Head, 
= AS = AW + WS = 2.6 + 1 1.9 = 14.5 knots. 

(21.) Draw a north and south line NS, and an east 
and west line EW, meeting in O, which take for Start 
Point; then if we draw OP, inclined to OW, towards 
the north, at an Z.of half a point, and suppose OP = 80 
miles, P will be Start Point; also, if we draw OH » 60 
miles, and inclined to OW, at an Z. of 4^ points, H will 
be the position of Cape La Hogue, and if PH meet OW 
in A, and OS in B, uien the L OBP will be the inclina- 
tion of the course towards the north, and PH its length. 
fN. B. From the above description the reader will easily 
draw the requisite figure). 

Hence, we have the 

Z.AOP = i point. 
L AOH s 4I points, 
and .•. L POH = 5 points. 

Also, OP s 80 miles and OH » 60 miles. 
.-. z:BOH = 3i points and i (OHP + OPH) 
= 90° - 2 J points = 8 points - 2 J points = 5^ points. 
Now in A OPH we have — 
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tan i (OHP ■ OPH) ^ 80-60 ^ i 
tan J (OHP + OPH) ~ 80 + 60 " 7 

.-. log tan i (OHP - OPH) =« log tan i (OHP + OPH) 

- log 7 = log tan jj points - log 7 = lo.i'jzo^. 

- 0.84510 = 9.42694 

.-. i (OHP - OPH) = 14^ 58' = ij points; 

but J (OHP + OPH) = . . . • 5i points. 

.•. OHP = 6f points, and OPH = 4J points. 

Now OBP = OHP - BOH = 6| points - 3 J points 
s 3^ points, towards the north, 

.•. the course is N. W. | K. Am. 

(22.) To find the length of the course PH (see last 
question), we have in A HOP 

i (OHP ^ OPH) =14° 58' 

i (OHP + OPH) « Jj points ^ 6i° 52' 30" 

.-. OHP = 76^ 50' 30" and OPH * 46^ 54' 30"; 

also, POH = 5 points = 56^ 15' mi PO = 80. HO « 60. 

PH sin POH 
Hence, ^ = ^^^^ 

,.PH.PO.-4^^8ox .-y!^. 
sin PHO sm 76° 50 30 

log 8q = 1.903090P \ , J 
log sin S^^5^° 9.9198464 j ^^ 

log sin 76» JO* 30" == 'ipSsJJso}'"^*^* 



T- 



.*. log PH = 1.83449 14 
.'. PH = 68.31 1 miles. ' Afu. 
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(23.) Let NS the north &ad sotith line, and EW the 
east and west line» meet in L, which take for the Tub- 
car Light, and let C, G, and B, be Camsore, Greenore, 
and Boslare Points, respectively, (G being situated on 
the side of CR next L)» Put CL = a;, GL "^ y» and 
BL » x; we are to fijid a;, y, and z* 

Hence we have given CG = GB s 5I miles, and 
CB » 10 miles; 

al8o,zCLG = CLN - GLN = 82° 27' - 32^ ic/- 50° 7', 

Z.GLB ^ GLN - BLN« 32° 20'- ii« io'«2i° 10', 

and Z^CLB * 82'* 27' *• 11" 10' « 71* 17'. 

Let us first oompute the z* of the A CBG, which we 
shall denote by C^ G, and B. 
Since GG » GB, we have — 

n T* iCB c 10 

CG 5} u 

= .9090909 .•. C = B = 24° 37' 12'' 

and .% 6 « 180° - 490 14' 24'' - 130° 45' 36''. 

Now put Z GBL = 0, then since G = CLB + + GCL 

.-. GCL * G - CLB - ^ = 130° 45' 36^^ - 71** 17' 

- = 59^ 28' 36" - 0. 

Hence from A GBL, we have — 

sin^ y 



■I I ■ -! ■ I I. 



sin 21° 10' 5i 



0) 



^^- sm (59° 28' 36'' - 0) y , , 

and from A GCL, — ^^ 4-: ^ = -^ (2) 

sm 50^ 7' si 
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From (i) and (2) we have-^ 

sing sin (59° ^8^ $6^^ - 0) 

sin 21° 10' " sin 50° 7' ' 

sing 8in59°28'36''co8g-co859°28'36''sin^ 

or, I 5 — ■, = : g — ." ■■ ■ ■ ; 

8in2i"io 8m5o°7 

tang sin 59° 28' 36" - cos 59° 28' 36". tan^ 
''''8in2i°io' sin JO** / ' 

or, tan g . sin jo® 7' = sin 21° 10'. sin 59® 28' 36" 

- sin 21° ic/ cos 59° 28' 36". tang 

^ ^ sin 2 1° i& . sin 59° 28' 36" 

,*, tan ^ ' a ^ 

sin 50° f + sin 21° 10' cos 59° 28' 36" 

log sin 21° 10' - 10 = T.5576060 1 , , 
log cos 59® 28' 36^' - 10 = 7.7057691 J 

.*. log (sin 2 1° 10' cos 59° 28' 36") = T.263375 1 

A sin 21® Id' cos 59® 28' 30'' = a 18339 1 ^a 
Also N. sin 50® 7' « 0,76735 j 

0.95074 
.-. log tan g s log sin 21° 10' + log sin 59° 28' 36" 

- Gog -95074 + 10) 

log sin 21° lo' = 9.5576060 \ , , 
log sin 59° 28' 36" « 9.9352162 / 

19.4928222 1 g^V^.^. 

log . 95074 + 10 = 9.9780618 / ^^^^^ 

/. log tang = 9.5147604 
.-. g=i8°6'58'' 
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Hence from (i) we haye — 

sing sin i8° 6^ 58^^ 

^■'5'5''8iii2i°io'"5-S^ sin 21° 10' 

loff 5.5 = 0.7403627 \ , , 
log sin 18^ 6^58'' = 94926817 J ^^ 

10.23304441 subtract 
log sin 21** 10' = 9.5576060 / *'***'""^ 

••.logy a 0.6754384 

.'. y « 4.73629 miles, the ^stance from Greenore Point. 

Again, from A OLB, we have^— 

z _ sin (e + GLR) 
GB ~ sin GLE 

sin (18° 6' 58"+ 21° 10') 
^^ sin 21^ 10' 

sin 39Q 16^ 58^^ 
"^'^"^ sin 21° 10' 



log sin 39^ 



log 5.5 = 0.7403627 ^ , , 
16' 58''* 9.8013510/®^^ 



10.54171371 ^ 
log sm 21^ 10' = 9.5576060/ '"*"*'"*'•' 

,% log xj c 0.9841077 

.*. je ss 9.64068 miles» the distance from Boslare Point. 

Lastly, from the A CLG, we have — 

js^ sin (CLG + GCL) 
CG ^ sin CLG 
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sin (50° f + sf 28' 36'' - l y 6^ 5»0 

sm 50*^ 7 

sin 91° 28' 38" sin 88** 31' 22" 



sin 50* f sin 50° f 

sin 88° 31' 22" 
^ -^ sin 50° 7' 

log sin 88** 31' tt" = 9.9998556/ *^^ 



1 1 t 



10.74021831 , 
log sin 50° 7' « 9.884994s / ^^^^"^^ 

.% log a? « 0.8552238 
.'. a; 8 7.165125 miles, tHe distance firom Garnsore Point. 

(24.) (Fig., page 76» Manual.) 
Let CF represent the height of the kite C, and A 
and B the two points of observation; then we have — 

x^^ 4 T> sin A sin B sin 22° i c^ • sin 48® 22' 

FC « AB X -:— -- — — = 400 X ,A 7 

sin (B - A) ^ sin 26° 7 

log 4X>o »s 2.6020600 \ 
log sin 22° 15' = 9.5782364 I add 
log sin 48^* 22' « 9.8735599 ) 



■■■ « « 



I • <o , "•^538563 1 subtract 
10 + log sm 26® 7' er 19.6436504/ «»**"""*'•' 

.\ log FO tt 2.4162059 
.*. FC « 257.16 feet. Ans. 

(25.) From the formula in page 79 of the Manual, 
we have, making a^h and c-za^ 
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A«^ 



a cot* A «- aa cot^ C + a cot* B 



a* 



cot*A-«cot»C + €ot«B 



2$a 
cot* 50° 44' - 2 cot*73° 8' + cot* 48° 2 1 






log cot* 50° 44^-2 log cot 50° 44' ;s 2 X 9.9124981 

— 19.8249962 b: 1.8249962 in common {not tabular) 

logarithms. 

.*. cot* 50° 44' = 0.668338 

log (2 cot* 53° 8') = log 2 + a log cot 53® 8' 

= 0.3010300 + 2 X 9.8750102 = .3010300+ 19.7500204 

~ 20.0510504 ss 0.0510504 in common logarithms, 

.•. 2 cot* 53° 8' =» 1. 124745 

log cot* 48° 21' = 2 log cot 48° 21' = 2 X 9.9490987 

= 19.8981974 s T.8981974 in common logarithms. 

.-. cot* 48° 21' = 0.791038 \ , , 
but cot* 50° 44' = 0.668338 j *^^ 

1459376) subtract 
and 2 cot* 53° 8' = 1. 124745 j subtract 

0.334631 which is the deno- 
minator of h^, 

2 CO* 2 CO 

Hence, A* = — ^-7 — and .\k- - 



0-334631 \/ (-334^30 

2 CO 

.5783 ^ "^ 
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(26.) Let A be the top of the ship's mast, B the 
point of the water line vertically below A, and C the 
hull of the second ship; then the distance BC, on the 
earth's surface, may be regarded as a right line per- 
pendicular to AB, and the L BAC will be the comple- 
ment of 14° 34', and .•. = 90° - 14® 34' = 75° 26'; hence, 
we have BC » AB tan BAC » 86 tan 75^ 26'. 

log 86 = 1.9344985 I ^d 
log tan 75° 26 - 10 = 0.5852617 / 

.% logBG = 2.5197602 

.'. BC « 330.94 feet Am. 

(27.) The dip in minutes = \/(86) = 9' (see rule at 
foot of page 83, Manual) ; hence, when the dip is taken 
into account the Z. BAC is = 75° 26' - 9' = 75^ 17', and 
•\ BC = AB tan BAC becomes — 

BC «= 86 tan 75° 17' 

log 86 = 1.9344985 \ , , 
log tan 75° 1/ - 10 = 0.5806126 / 

.'. logBC = 2.5151111 
.'. BC = 327.42 feet. Ana, 

(28.) Draw the north and south, east and west lines, 
NS and £W through Y, the position of the yacht at 
the beginning of the first course, and let A be her po- 
sition at the beginning of the second course, and H the 
harbour. Let HA meet E W in B, then the L AYS 
= 6 points, HYS = i point, and .•. HYA « 7 points; 
also, YBA = 3 points, and .-. YAH = SYA + YBA 
= 5 points; hence YHA = 4 points, since 1} of A AYH 
= 10 points, and YH = 5.8 miles; hence, — 
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YA sin 4 points 
YH sin 5 points 

... YA . 5.8 X "^ ^ PoiPte 

Sin 5 points 

log 5.8 = a76343 ] , , 
log sin 4 points - 9.84948 J 

log sin 5 pointe = '9!9i98i} ^^^^^ 

.', log YA «= 0.69307 

.*. YA B 4-932$ miles the first course. 

. HA sin 7 points __ . .sin 7 points 

Again, == = ' ^. .-. HA = 5.8 x . ' ^ ', — 

YH sin 5 points '' sin 5 points 

log. 5-8 = 0.763431 add 
log sin 7 points = 9.99157 J 

1 •. • . '''•7^^?') subtract 
log sm 5 points = 9*91984 j ''**"""^'' 

.*. log HA = 0.83516 

.*. HA » 6.8416 miles, the second course. 

The sum of the two courses = 4*9325 + 6.84r6 
= 11.7741 miles which, divided by 7 mUes^ the rate per 
hour, gives 1.682 hours = i hour 41 minutes, the whole 
time of the voyage. 

(29.) (Fig., p. 74, Manual). 

Let C represent the buoy, then we have AB 
= i| mile = 2640 yards, Z. A = 54° 32', / B = 39° 15', 
and .-. zC = 180° - 54° 32' - 39° 15' = 86^ 13'. 



118 A KBT TO 79B 

Hence, AO=AB. . g^p ^, = 2640 x . ^^ ^, 

sm 86° 13' ^ sin 86° 13' 

•I T^i^ A » sin 54° 32' - sin C4° 32' 
and BC = AB . . l^^^ , = 2640 x . Vl^^ , 

sin 86° 13' ^ sm 86® 1 3 

.log264o = 3.42160391 ^^ 
log sm 39° 15' St 9.8012015 / 

log Bin 86° 15' a 9'99905Z9 j ""^""""^ 

» 

/. log AC = 3.2237525 

.'. AG =■ 1673.9 yards, the distance from A. 

log 2640 = 3.42160391 ,, 
log sin 54° 32' = 9.9 1 0866 1 / ^ 

log sm 86° 15' = 9.9990529 j "*" 
.-.log 60 = 3.3334171 
.'. BC ^ 2154.8 yards, the distance from B. 



(30.) If C be the position of the harbour, A and B 
the positions of the steamer and ship at the end of the 
2 1 hours, and if AB meet the north and south line through 
C in S, then we have iC ACB = ACS + BCS « li + 5 
= 6 J points, AC = loj x 2^ = 26 J knots = 5, and BC 
= 6 X 2-^ = 15 knots = a; hencse,— 

Z.B + A= 16 - 61 = 9f points = 109° 41' 15", 
.-. i (B + A) = 54° 50' 37'' i- 

Now tan i (^ - -^) = r— • ^^^ i (B + A) 
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= ^Irrf *^ 54^ i^°' 37" i 



iii 



= ^ t*^ 54^ so' 37'' i - ~ tan 54^' 50' ^f i 

log tan 54° 50' 37'' ^ = 10.1522549 1 ,, 
^ log3« 0.4771213/ ^^ 

10.6293762 
log II = 1.0413927 

.-. log tan i (B - A) = 9-5879835 

.-. i(B-.A) = 2i° io'6"i 

buti(B + A)=540 5o'37"i 
.-. B = 76° o' 44'' = 6J points, 

and A = 33^ 40' 31". 

A At> nn si'^ C sin 6i points 

Again, AB = BC --r-r =« 15 x ^ \y—, — ;, 

smA ^ sin 33° 40 31 

log 15 = 1.17609 I ,, 
log sin 6J points = 9.97384 j 

".14993) subtract 
log sin 33^ 40' 31' '° 9-74389 ) * 

.*. log AB = 1.40604 
.*. AB = 25.47 miles, the required distance. 
Hence from the above we have — 
the L CSB = 16 - 5 - 6| = 16 - I if = 4j points. 
.'. bearing is 4^ points from north towards east, 

tfiat is, N. E. i £. 
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(31.) If the line joining the summits, A and B, of 
the two mountains touch the earth in C, then AB is 
the required distance approximately ; but if D be the 
foot of the mountain AD, and E the foot of BE^ and 
we draw the diameters of the earth ADF and BEG, 
and put 2r = 7912 miles for the diameter of the earth, 
we have by geometry — 

AC* = FA . AD = zr . AD, very nearly; 

BC* = BG . BE = 2r . BE, very nearly ; 

.'. AC = -v/(79i2 X 3) = \/(23736) = 154 miles; 

BC = ^(7912 X 2) = v^(i5824) = 126 miles; 

.•. AB = AC + BC = 154 + 126 = 280 miles. Ana. 

(32.) (Fig., p. 72, Manual.) 

Let AB = J = 58 feet be the castle, and C the 
ship's hull, then by the formula, p. 73, Manual, we 
have — 

T^. -^r^ T cose? cos (f' 

Distance FC » a x -.- 



= 58x 



sin {d - d/) 

cos 5*^ 47'. cos 5° 8' 
sin 39' 



log 58 = 1.7634280 ] 
log cos 5° 47' = 9.9977838 > add 
log cos 5*^ 5 = 9.9982546 ) 

21.75946641 ,. , 
log sin 39' + 10 = 18.0547814 / subtract 

.-. log FC = 3.7046850 
.-. FC = 5066.23 feet = 1688.74 yards. Am, 
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(33.) Let C be the position of the tree, then it is 
plain that ^CAB = 124^ 4' - 60^ SS' = ^3° 3'' = A, 
and ZCBA = 57^ 56' - o^ 28' = 57° 28' = B; hence 
lC = 180** - 63* 31' - sf 28' = 59*» I'; also AB 
= 250 feet. If CD be perpendicular from C to AB, 
then CD is required breadth of river. 

_• t> 

Now AC = AB X -— --, and CD = AC sin A, 

sinC 

., CD = AB X ^ii4^ 

sin 63® ^i'. sin C7® 28' 
= 250 X ^ ^ ^ ,' 

^ sm 59*^ 1' 

, log 250 = 2.3979400 \ 
log sin 62^^ 31' = 9.9J18541 > add 
log sin 57° 28' = 9.9258681 ) 

22.2756622 1 u * 4. 
1 • « o ' . - ^ subtract 

log sin 59° I + 10 = 19.933 141 5 J 

.*. log CD = 2.3425207 
.'. CD = 220.05 feet. Ans. 

(34.) Here the dip of horizon in minutes 

= y/{6'joo) see rule at foot of p. 83, Manual) 

= 82', nearly; 

hence, if (Fig., p 78, Manual) we suppose D to be the 
balloon, DP - 6700 feet its height, and A to be St. 
Paul's, we shall have Z. DAP - 10® 3 3' -f- dip = lo*^ 33' 
+ 1° 22' =11° 55'; 

.•. required distance = AP = DP cot DAP 

==6700 X cot 11° 55' 
I 2 
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log 6700 = 3.8260748 ) ,, ^ 
log cot II® 55' - 10 = 0.6756416 ) 

.'. log AP = 4.501 7164 
.*. AP » 31748 feet = 6.0129 miles. Ans^ 

(35.) (Fig., p. 76, Manual.) 

Here ZCAD = difference of bearings of C and D 
from A = 72° - 51° 30' = 20° 30'; since both bearings 
are E. of N. Since AC is 51^ 30^ E. of N., .-. AC is 
90*^ - 51° 30' = 38° 30' N. of E., and B is 32** 30' S. of 
E.; .-. Z.CAB= 38° 30' + 32° 30' = 71®; also, since AD 
lies 72° E. of N., it must lie 90** - 72^ = 18® N. of E.; 
and AB lies 32® 30' S. of E.; Z.DAB =18*^+ 32® 30' 

= 50^ 30'. 

ilCBD = 22** + II® 30' = 33® 30', since C and D 

lie, one to E. of N., and the other to W. of N. with re- 
spect to B. 

/L ABD = 22® + 57® 30' = 79° 30' ; 

hence, zl ABC = ABD - CBD = 79° 30'- 33^30' « 46". 

Hence by the proportion, p. 77, Problem VIIL, we 
have CD (computed) : CD (given) : : 1000 : AB (re- 
quired); that is, 598.35 : 2^ miles : : 1000 : AB; 

-_ 22C0 ^ ., . 

.*. AB = — ;r— = 3 '76 miles. Ans. 

(36.) Make a right-angled isosceles A AEB, E being the 
right angle; draw AD meeting BE in D, and making 
the L DAE - 1 5®, and BC meeting AE in C, and making 
the ilCBE = 15®; join CD. It will now be clear that 
if we suppose CD the breakwater, and A south of the 
extremity C, then B must be east of the extremity D; 
hence we have only to find CD when AB = 1 250 yards. 

Now AE = iAB y/(2) = 625 ^(2) since AE = EB, 
and ^E = 90^ and CD = ED y/{2). 
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But £D - AE tan 15^ e 625 ^(2) x tan 15^ 

.-. CD = ED y/{2) = 625 v'C*) X tan 15** X ^{2) 

= 1250 tan 15®. 

log 1250 = 3.0969100 ) add, and re- 
log tan 15° = 9.4280525 ) ject 10. 

.'. log CD » 2.5249625 
.•. CD = 334.937 yards. Ans. 

(37.) Through C (Cork Harbour) draw the north 
and south line NS, and the east and west line £W; 
then draw CB, making an zNCB towards the west, of 
1} points; draw CA, making with CW towards the 
south an Z. of I point, and make CA <= 10; lastly, 
through A draw a north and south line AD, meeting 
CW in D, and make the z. DAB towards the east of 
AD s 2^ points; then B is the position of the old 
Head of Kinsale, A of the ship at the end of the hour 
and quarter, and AB is the required distance. 

Since the /. ACD = i point, 

and ADC = 8 points (= 90°), 

.'. Z.DAC t= 7 points, but DAB = 2 J points, 

.'. BAC = 7 - »i = 4f points; also L NCB = if points; 

.'. BCA = (8 - if) + I = 7J points; and 

.\ ABC = x6 - 7J - 4f = 4 points. 

Hence, from A ABC we have — 

* « * ^ sin BCA sin 7 J points 

AB = AC . ■ . .p^ = 10 X , '^^ . — . 
Bin ABC sin 4 points 
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log 10 = I.OOOOO ) ^j 

log sm 7^ points = 9.99527 ) 

10.99527] g^^ty^^^ 
log sin 4 points — 9.84948 ) 

.-. log AB = 1. 14579 
.'. AB s 13.989 miles. Ans, 

(38.) Draw CD cutting the east and west line EW 
in B, at an z. ABC below EW of 3^ points, and take 
BA towards E = io|; draw AC towards the south of 
EW, and making tne Z.BAC = 3 points; make the 
right line CBD = 25; D and C will now represent 
Dover and Calais, and A the ship^s place, and the zDAB 
and distance DA are required. 

In A ABC we have l ABC = 3^ points, BAC 
= 3 points, and .•. BCA =16-3^-3 = 9!- poi^^s, and 
side AB =10^ miles; hence, 

UP AU ^^^ ^^^ ,0 r ^. ^^ 3 points 



sin BCA '^ sin 9^ points' 

sin 3 points 
= 10.5 X . // . — 
8in 6^ pomts 

log 10.5 = 1.02119 I ,, 
log sm 3 points = 9.74474 ) 

10.76593] g^u.-^^^ 
log sin 6 J points = 9.98088) ^^^^^^^ 

.'. log BC = 0.78505 
.'. BC = 6.0961. 

Hence, DB = DC - BC = 25 - 6.0961 

= 18.9039 miles. 
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Now in A DBA we bave DB » 18.9039, AB » 10.5, 
ind L ABD = 2 right C - ABC - i6 - 3 '- o 12^ points. 

.-. DAB + ADB s 16 - 12^ s 3^ points. 

DB-BA tan \ (DAB -- ADB) 
^^^"^ DB + BA " Un i (DAB + ADB)' 

. 1 8.9039-10.5 tan \ (DAB ■> ADB) 
18.9039 + 10.5 tan (| X 3^ poiuts) 

.-. tan \ (DAB - ADB) = il?^ 

29.4039 

X tan ix points = x tan 10® 4.1' ic''; 

29.4039 ^ ^ ^ ' 

log 8.4039 = a92448o9 ) ,, 
log tan 19° 41' 15'' = 9-5536472 ) 

10.4781281 ) . * .. 
log 29.4039 - 1.4684048 ] '^^*^* 

••. log tan \ (DAB- ADB) « 9.009723 3 

.-. \ (DAB - ADB) = 5** 50' 20" 
but \ (DAB + ADB) = 19** 41' 15" 

.-.DAB = 23^31' 35" 
and ADB= 13'' 50' 55". 

The complement of DAB = 90® - 25® 31' 35'' 
a 64® 28' 25'' is the bearing of Dover W. of N., as 
required. 

Again, 

AD sin ABD sin I 2| points sin 3 1 points 

AB *" sin ADB "^ sin 13° 50' 55'' "^ sin vf~K,d 55" 

sin 39^ 22 ^ 30^^ .An- sin 39^ 22^ 30^^ 

"sin 13^ 50' 55'^' •• ^^"" '5 ^ sin 13^50' 55"' 
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log 10.5 -1. 02 1 1 893 I .. 
log sin 39® 22' 30" = 9.8023585 ) 

10.8235478 I subtract 
log sin 13® 50': 55" « 9.3790467 ) 

.*. log AD s 1.444501 1 

.*. AD - 27.8292 miles, the required distance. 

.-. /I ACB « 180° - CAB - ABC = 180^ 

-71^-46° = 630. 

Now (see Problem VIIL, p. 77, Manual^ assume 
AB = 1000; hence, from A ACB we have — 

. ^ . _ sin ABC sin 46® 

AC = AB X . .^- = 1000 X . T Q . 
sm ACB sin 63° 

log 1000 = 3*0000000 ) , , 
log sin 46® = 9.8569341 ) 

log sin 63- =^^^^9^ 
.•. log AC = 2.9070532 

.-. AC = 807.33. 

t 

Again in A ABD we have — 
L DAB = 50^ 30', ABD = 79° 30', and .•. ^i ADB 

« 180° - 50° 30' - 79° 30' = 50** 

A rw A T> sin ABD sin 70!° 30' 

.-. AD « AB X —-—--= 1000 X — /^ i 

smADB sm 50^ 
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log looo « 3.0000000 ) ^, 
log sin 79^ 30' *> 9.9926661 ) 

log Bin so"" = "'.8842^ ) «'^^*"^* 
.-• log AD B 3. 1 0841 2 1 
.'. AD= 1283.55 
Hence in A CAD we now have— 

AD = 1283.55 "= ^ (suppose) 
AC « 807.33 « b, 

and L CAD = 20° 30^=0; to find CD = c (suppose). 
By the formula, p. 75, Manual, we have — 

. 2 cos JC y/{ab) , . 

COB0 = 2 — ■ ^ ^ (1) 

^ a + 6 ^ ' 

and €=> {a-hh) sin 0. (2) 

From (i) we have — 

log COS = J (log a + log h) + log 2 

+ log cos JC - log (a + 5) 

log a = 3.1084121] ,, 
log ft = 2.9070532) 

2)6.0154653 

3.0077326 \ 
log 2 = 0.3010300 > add 
log COS iC = log cos 10® 15 =9.99301 3 1 ) 

log (a+ ft) = log 2090.88* 3-3203^91 J 
.*. log cos <{> = 9.9814466 
.-.<{>= 1 6*' 37' 44". 
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From (2), log c = log (a + 5) + log sin - 10, 

log (a + 5) = 3-320329I ) ^^ 
log sin <(> = log sin 16° 37' 44" = 9.4566263 ) 



12.7769554 
10. 



.•. log c = 2.7769554 
.*. c = 598.35 = CD (computed). 



(39.) Let BD be the horizontal line, AB = 40 feet, 
the house, and CD => 180 feet, the tower; then the 
Z. CAD = 36®, and BD = a? is the required distance. 

Draw A E perpendicular to CD, and put the /L DAE = ^, 
and .-. CAE = 36^ - 0. 

From the two right-angled triangles DAE and CAE, 
we have — 

(0 



40 = a 


? tan^ 




140 = 0? tan (36®- 0); 




tan (36 - 


0) 140 


7. 


tan^ 


40 


— 1 
2 



tan (36*^ -^) + tan^_7 + 2 g _^ 
tan (36® - ^) - tan " 7-2 '^ J - • ' 

sin (36® - 0) cos ^ + cos (36° - ^) sin ^ _ 
?*"' sin (36^ - ^) cos 6> - cos (36° - ^) sin ^ " '' ' 

sin 36° 

^ = 1.8 



sin (36^ - 20) 

sin 36*^ 



.-. sin (36® - 20) = 



1.8 
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log 8in 36^ -9.769"87\ subtract 
log 1.8 «aa55i73j j 

.% log ain (36® - tO) - 9.5139462 

.-. 36° - 2^ = i9« 3' 34" 

.-. tO'^sG'^ 19^ 3' 34" = i6« s^' «6" 

.•.^« 8^ 28' 13". 

Hence from (i), x == 40 cot ^ = 40 cot 8° 28' 13'^; 

.•. log a; » log 40 + log cot 8° 28' 13" - 10 

s 1.6020600 + ,8270451 s 2.429105 1 ; 

.*. a; = 268.6 feet. Ana. 

(40.) Through A, where the privateer lies, draw NS 
and £W, the north and south, east and west lines, 
and in the /. NA£ draw AB = 8, making the L BA£ 
= 2 points, and through B draw BD direct south, and 
then draw BC, making the Z. DBC = 5 points (now since 
ABD is the complement of BAE, which is » 2 points, 
ABD must s 6 points); take BC s 7 x 2^ « 17^, and 
join AC ; AC will be the distance run, and if BC meet 
A£ in E, the Z.EAC will indicate the course. 

Now in A ABC we have AB = 8 = c, BC = 17.5 = a, 
and 21 ABC = 6 + 5 = ii points, .*. A + C « 16 - 11 
= 5 points = 56® 1 5' ; hence> 



that is. 



a- c tan |(A - C) 
a + c " tan J ( A + C)' 

17.5-8 _ tan \ ( A-C) ^ 
17.5 + 8 " tan 28° f 30"* 



.-. tan i (A - C) = -^ X tan 28° 7' 30'' = ^ 
*^ 25.5 ' '' 51 

X tan 28° 7' 30"; 
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log tan i9? i 30'' » 9-72795^7 ] add 
log 19 = 1.2787536 j 



''•^7103) .attract 
log 51 = 1.7075702 ) 



.'. log tan J (A - C) = 9.2991401 

/.J(A-C)=ii°i5'43" 
but i (A + C) = 28*^ i 30"; 

.'. A = 39^ 23' 13", and C = 16** 51' 47" = i^ points. 

Hence the course is E. by S. ^ S. 

. ^ . -r* sin B ^ sin 1 1 points 
Again, AC = AB X -r-p^ = 8 x — ^ 



sinC sin 16° 51' 47" 

sin 5 point _ sin 5^^ 15^ 

■"sin 16° 51' 47" " sin 16^ 51' 47'' 

log 8 = 0.9030900 ] ,, 
log sin 56*^ 15' = 9.9198464 ) 

log sin le^ 51' 47" = '94625251 j «^^^"«^^ 
.*. log AC = 1. 36041 12 

.'. AC = 22.93 miles, the required distance. 

Hence required rate « 22.93 "T" ^i « 9.172 knots. 



(41.) (Fig. 1, Key.) Let ABCD be the quadrila- 
teral; a, hy c, and d^ its sides, and L BAD = a, CD A « 7, 
and BGA = /3. Draw BE and CF perpendicular to 
AD, and CH parallel to it 
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Then AE » a cos a, 

£F » CH a £ cos A since lBCE » A 
and FD ^ c oos 7; 

.-. AE + EF + FD=AD«d«=aoo8« + 6co8/3+cco8 7(i) 

.•. by (i) ((f - ft cos P) sin a - 5 sin /3 cos « 
= (a cos » + c cos 7) . sin « > ft sin /3 cos a » c sin a cos 7 

+ (a sin a - ft sin /3) . cos a ; 

but a sin a s BE, and ft sin /3 = BH ; 

,\ a sin a - ft sin j3 = HE = CF = c sin 7. (2) 
Hence, {d - h cos /8) sin a - ft sin /3 cos a 
= c sin a cos 7 + c sin 7 cos a = c sin (a + 7), 
which proves the third equation in the question. 
Again, from (1) we have — 
(d — ft cos /3) sin 7 + ft sin /3 cos 7 = (a cos « + c cos 7) 
sin 7 + ft sin /3 cos 7 = a cos a sin 7 
+ (c sin 7 + ft sin P) cos 7. 
But by (2) we have c sin 7 + ft sin /3 = a sin a ; 
hence (d- b cos P) sin 7 + ft sin p cos 7 

= a cos a sin 7 + a sin a cos 7 = a sin (« + 7), 
which proves the second equation in the question. 
Lastly, from (i) we have — 

a cos a + c cos 7 = d - ft cos p, 
and from (2) a sin a - c sin 7 = ft sin /3« 
Squaring these expressions, and adding, we have — 
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a' + c' + 200 (cos a COS 7 - Bin « sin 7) = cT 
- ibdcos /3 + &'; 
or a* -¥ (^ + zac cos (a + 7) = cT* + J* - zdb cos /3 

cP + 6^ - (a* + c» + 2dh cos /3) 

which proves the first equation in the question. 



.*. cos (a + 7) = 



(42.) From equation (2) of last question we have — 

a sin (a -¥ ^i) fd ^ ^ a\ - 

^ = r- cosec p - cot p) sin 7 + cos 7 

b sin fi \o 

= cot sin 7 + cos 7 ; 

a sin (a + 7) sin , . 

.-. r-r— ^5 = cos sin 7 

SlD p 

4- cos 7 sin = sin (7 + 0) 
which proves the first equation. 

Again from equation (3) of last question we have — 

c sin (fit + 7) fd - i. />\ • 

^ — = I - cosec p - cot p sm a - cos a 

^sin/3 V^ / 

= cot sin a — cos a 

c sin (a + 7) sin <(> . . 

/. ~ ■-' - cos sin a - cos a 

sm p 

sin <J> = sin (a - <J>), 
which proves the second equation. 

cP + ft* - (a* + c2 + 2rfft cos /?) 
(430 cos (a +7)= 2ac "" 

100' + 63' - (70* + 44' + 200 X 63 cos 19^) 
~ 2 X 70 X 44 
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lOOOO + 3969 - (4900+1936 + 12600 COS 19®) 
~ 6160 

^ 7'3 3- '^6 00^-9455^8^ ^ 7'33 - ''9'3'5343<^ 
6160 6160 

^ -4780.53436 ^,^^r^, 
6765 =--7760607; 

.-. a + 7 = 180° - 39° 6' = 140^ 54'. 

Again, cot 4> = , cosec iS - cot = r— : — ;: - cot B 

OBinp 

log b = log 63 = 1.7993405 ) a JJ 
log sin /3 = log sin 19° = 9.51 2641 9 j 

T, ^rrr^Q^^ ( SubtracttHc 
1 1. 31 10024 1 .. 

logd+ io = log 100+ 10= 12.0000000 "JgP^^^^^ 

•*• ^og r-T — - = 0.6880176 

6 sin /3 ' 

d 

.*. , . A = 4-87548 

cot /3 = cot 19° = 2.90421 (by Table III., Manual) ; 
/. cot = 1.97 1 27 and .-. = 26° 54'. 

Now, sin f « - 0) = eii^(f-± iLfilLi 

sin /3 

log c = log 44 = 1.6434527 

log sin (a + 7) = log sin 39° 6' = 9.7998062 

log sin <{> = log sin 26° 54' = 9.6555559 

21.0988148 ('^ 
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log h = log 63 « 1.7993405 ) add 
log sin P s log sin 19^ = 9.51 2641 9 j 

11.31 19824 (2) 

(i) — (2) gives log sin (a - <|>) = 9.7868324; 

.-. a - c|> = 37° 44' (or 180*^ - 37° 44' = 142° 16', which 
being greater than a + 7 = 140^ 54", is inadmissible if 
negative values of a and 7 be excluded) ; hence a = 3 7° 44' 
+ 26° 54' = 64° 38', and .'. since a + 7 = 140® 54' we 
have — 

7 = 140° 54' « 64^ 38' = 76^ 16'. 



1 






R^ 


r,.j / 




li 












\ 


^-^^^^^ 


A*- 






\ 


.'r--, , 



H *t V I) 






I 



